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INTRODUCTION AND AIMS.
In this thesis I consider apects of Human 
Leucocyte Antigen (HLA) -DR and -DQ genes in Australian 
Aborigines and Non Austronesian (NAN) speaking 
Melanesians.
Intra and interpopulation variability is 
determined in small samples from Coen in the Cape York 
peninsula, also Mowanjum and Kalumburu, two Aboriginal 
settlements in the Kimberley region.
The Restriction Fragment Length Polymorphism 
(RFLP) analysis of two groups from the north-eastern 
and north-western parts of Australia are the beginnings
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of a comparison of allogenic polymorphisms in the 
Australian Aborigine. Aboriginal allogenotypes are 
described for the first time at the Human Leucocyte 
Antigen (HLA) Class II region and are interpreted in 
terms of their likely serological correlates.
These genotypes are compared with samples 
from the Haruai and Pinai in the Western Schrader range 
of Papua New Guinea (PNG).
Additional published and unpublished 
Melanesian data is included in order to calculate 
genetic distances between Australian Aborigines and NAN 
speaking Melanesians.
Genetic variation has been established by 
using a relatively recent technique of genetic 
analysis, known as allogenotyping. Allogenotyping is a 
method by which recombinant Deoxyribonucleic Acid (DNA) 
techniques are used to detect allotypic polymorphisms 
in individuals, that is, variation in allele type at a 
particular genetic locus or loci. In this work, part of 
the -D locus of the HLA system is genotyped.
Polymorphic variants are found by using 
restriction enzymes to cleave, or cut, genomic DNA at 
preselected sequence sites. The resultant Restriction 
Fragment Length Polymorphisms (RFLPs) indicate 
differences between individuals in terms of varying 
lengths of the DNA fragment created by cleavage 
(Zelashi et al.1986).
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Allogenotyping was first described by Dausset 
et al. (1984), and provides a more concise analysis of 
individual variation than is possible using previous 
methods of antigenic typing using alloantisera or 
monoclonal antibody reaction. Allogenotyping can detect 
heterogeneity among alleles that encode the same 
serological specificity. Further, variation in non­
coding regions of DNA can be detected by RFLP analysis. 
This provides the opportunity for a more comprehensive 
description of a population. In this respect, 
allogenotyping acts as a powerful anthropological tool 
for the analysis of the migrational and genetic 
heritage of a population.
Furthermore, the recognition of allotypic 
polymorphisms in individuals provides an even more 
accurate method of tissue compatibility typing for 
organ transplantation than the universally applied 
serological methods.
RFLP analysis of Aborigines has the potential 
to be a useful medical tool for the reduction of organ 
transplant rejection risks. The recognition of 
allogenotypes particular to Aboriginal groups, for 
improved matching of donors and recipients can increase 
the chances of organ acceptance, so improving the long­
term morbidity where previously a high rate of organ 
rejection was evident (Serjeantson, pers comm).
In a population context, genetic markers
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have advantages as anthropological tools because they 
are not affected by cultural changes, so that they can 
provide a very clear indication of the prehistory and 
migration patterns of a given population. The 
disadvantages of genetic markers are that they are 
subject to random genetic drift in small populations, 
and may be subject to the forces of natural selection. 
These evolutionary forces may provide similarities 
between populations that do not necessarily represent 
ancestral similarities.
CHAPTER 1 REVIEW OF THE MAJOR HISTOCOMPATIBILITY
COMPLEX.
INTRODUCTION.
The ability of most vertebrates to reject 
foreign skin tissue and inactivate foreign particles is 
determined by a minimum of two mechanisms. The first 
known mechanism instigates acute rejection of skin 
within two weeks, while the second mechanism produces a 
more chronic response within weeks or months (Bender 
1984).
Vertebrates who respond with chronic skin 
rejection have the genes which control their immune 
reaction spread throughout the genome. Those capable of
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acute rejection, such as mammals, birds, tailless 
amphibians and bony fish, have their immune response 
genes located very near each other on the Major 
Histocompatibility Complex (MHC). All vertebrates have 
a similar immunologic system in terms of its anatomy 
and histology (Bender 1984).
In addition to the MHC system, there are 
other histocompatibility systems which produce a 
weaker response, the human blood groups are included 
in this category (Bender).
The Human MHC system was first described as 
the "Human Lymphocyte system-A" in order to define an 
antigen polymorhism on lymphocytes. This was later 
adapted to the Human Leucocyte Antigen (HLA) system as 
a result of the recognition of linked genes with 
significant immunological relevence.
1.1 DEFINITION AND STRUCTURE OF THE HLA
SYSTEM.
The Histocompatibility Leucocyte Antigen 
(HLA) system represents about one thousandth of the 
Human Genome and it is a subunit of the Major 
Histocompatibility Complex (MHC). These two terms are, 
however, often used interchangeably.
The HLA system is sited on the short arm of 
chromosome 6. The HLA system itself is subdivided into 
classes I, II and III. Class I includes three highly
5
CHAPTER 1
polymorphic loci, -A, -B, and -C, while Class II 
consists of the region -D (Crumpton 1987). Class III 
genes include those encoding serum complement 
components C2, C4A, C4B, and propeidin factor B. The 
research undertaken in this thesis involves the Class 
II antigens of the HLA system.
The definition of HLA-D antigens was first 
determined by homozygous typing cells (HTC), and primed 
leucocyte reagents. The HTC specificities are referred 
to as HLA-Dw. Dw represents phenotypes based on HTC 
testing, which are representative of the Class II 
antigenic products (Bach et al 1984).
RFLP specificities are also described in 
terms of the Dw nomenclature as a designation of the 
cellular response of genomic DNA. Dw indicates that the 
sequence is identified as accurately as technically 
possible. Amino acid sequencing is a more informative 
method than RFLP typing, and is currently being 
undertaken on the HLA system (Serjeantson pers. comm).
The specific advantage of RFLP typing over 
serological typing is seen in the more accurate 
cellular response gained from genomic DNA. An example 
of this is the DR2 serological specificity. RFLP typing 
yields subtypes of DR2, namely, (Dw2), (DRw 16), (AZH), 
and (Dwl2). It is clear that the serological epitope is 
not quite as accurate as the cellular (RFLP) response. 
This is why RFLP typing is more informative for
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anthropological as well as clinical purposes. This 
degree of detail can move beyond phenotypic 
designations, and provide data which may contribute 
more effectively to an evolutionary perspective on a 
given population.
The advent of genomic DNA sequencing, will 
probably complicate the nomenclature issue. The World 
Health Organisation periodically releases an update on 
HLA nomenclature. The formalising of such data is 
conducted at biennial International Histocompatibility 
Workshops from which much new data is generated. 
Appendix 1 shows the interpretation sheet for Taql 
restriction enzyme RFLP typing used in the
interpretation of results presented in this work.
In the past, serological allotyping of 
Pacific populations used a panel of antisera with a 
known allotype from a different group. For example 
European controls are less accurate when used to HLA 
type Melanesian (Honeyman et al 1984) and Aboriginal 
(Hay et al 1984) sera. Molecular genetic analysis, 
therefore, shows a greater variability at the HLA Class 
II region than serology because it does not rely on 
antigenic reactions from other populations.
The cell surface glycoproteins expressed in 
the -D region are subdivided into the following six 
set of genes: -DR , -DQ, -DP,-DZ,-DO, DX. The -DR
locus contains one alpha gene and a variety of beta
7
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genes, while the -DQ locus expresses one pair of alpha 
and beta genes (See Fig.l). The alpha and beta chain 
genes are two polypeptide chains. The alpha chain is 
the heavy chain, so called, because of its higher 
molecular weight due to extra carbohydrate residues 
(Bender 1984). The beta chain genes are light chain 
genes containing 229 amino acids, the same number as 
the alpha chain. The HLA-DQ alpha, beta, and the -DR 
beta genes are markedly polymorphic, so they are 
inherently valuable as population markers because of 
the many allelic combinations expressed in the human 
genome. The -DR beta chain carries the most polymorphic 
determinants, so it is the most informative of them 
(Inoko et al 1984). The -DQ alpha, and beta genes serve 
to confirm -DR beta allogenotypes and help to 
differentiate between subtypes which have the same -DR 
beta genoytpe. This differentiation is important where 
for example a DR3 or DRw6 allogenotype is concerned. 
The two types have identical RFLP patterns, with 
Taql\DR beta\12 or 10,6.8,4.2,2.5kb fragments but can 
be differentiated from each other by the presence of 
a Taql\DQ alpha\ 5.0kb fragment (see Appendix 1).
1.2 LINKAGE DISEQUILIBRIUM.
The -DQ and-DR loci are also very closely 
linked on chromosome 6 (See Figure 1), so that linkage 
disequilibrium gives a marked correlation between their
8
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CHAPTER 1
specificities, both in RFLPs and in serological 
analyses.
Linkage disequilibrium is observed in the 
difference between the expected haplotype, and the 
observed haplotype (Serjeantson 1985). Linkage 
disequilibrium specifically occurs at the -DQ and -DR 
alpha and beta genes where the alleles are very closely 
situated on the D locus. Alleles at such close range 
are therefore expected to stay linked for long periods 
of time in a given population. This association begins 
to disintegrate at recombination rates around 0.5%-l%, 
with a resultant reduction of linkage disequilibrium 
(Bodmer 1984). The strength of the disequilibrium at 
these two loci has been the reason for difficulties 
with the serological determination of-DQ and -DR 
antigens (Kohonen-Corish et al 1986). The phenomenon of 
preferred allele combination seen in linkage 
disequilibrium is a unique characteristic of HLA 
genetics.The -DP subregion, being a little more 
distant, is not in disequilibrium with either -DR or - 
DQ, though it too, is present on the short arm of 
chromosome 6. Trowsdale (1987) records the -DP region 
as the most extensively mapped.
The Class II locus contains alpha and beta 
chain genes which are highly polymorphic so that much 
antigenic variation may be exhibited both within and 
between populations. Variation between individuals
10
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occurs in the -DQ and -DP alpha chains, and in all the 
beta chains (-DR,-DQ,-DP).
1.3 POLYMORPHISM AND GENE CONVERSION AT 
THE HLA-D LOCUS.
The polymorphism of the HLA-D region is very 
useful for differentiating common allelic patterns in a 
particular population, and comparing common types with 
another population. This type of comparison is useful 
for tracing migration patterns and genetic admixture 
(Serjeantson,1985).
The causes for such high degrees of 
polymorphism are still unclear because the relationship 
of the interaction between the T-cell receptor and the 
antigen is not well established. However, the exchange 
of genetic information between mouse alleles indicates 
that gene conversion is also a possible cause of 
polymorphism in humans (Trowsdale 1987, Bodmer et al. 
1984).
Gene Conversion is a phenomena by which one 
allele is replaced by another without adjoining 
alleles being affected. Conversion has a similar effect 
to crossing over and is equivalent to two cross over 
events. In effect it is the conversion of an allele by 
the transfer of a sequence of DNA from an homologous 
chromosome, or,the transfer of sequences from one gene 
on a chromosome to another related gene on the same
11
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chromosome (Bodmer 1984). Gene conversion occurs 
readily at closely linked alleles and also functions as 
a way of recognising errors in DNA replication (Davis 
et al. 1980).
1.4 MURINE MODELS OF MHC.
Much of the dynamics of the Human MHC system 
is understood by using inbred mouse strains as a model. 
The function of inbreeding mice is to ensure identical 
haplotypes (i.e. haploid genotype) by inbreeding to the 
point where the offspring will have identical 
chromosome pairs. The MHC will then be codominant in 
the expression of its antigens, therefore making gene 
mapping and molecular analysis simpler (Roitt et al. 
1985).
The murine MHC has been extensively mapped, 
with the HLA-D region in humans being analogous in 
function to the H region in mice. Functional 
similarities occur in that both regions act as cell 
surface recognition molecules for cytotoxic T cells 
(Roitt et al. 1985).
Other human and murine similarities are 
known to exist in the gene conversion process where 
murine recombination "hot spots" occur in the T-H-2 
region. This increased frequency of recombination at 
the "hot spots" occurs more frequently in females than 
males (Amos 1984), and has been observed in other
12
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mcmrralian females. The observation of "hot spots" in 
human autosomes indicates the presence of a potential 
fcr HLA recombination "hot spots". The presence of 
reccmbinational activity includes the process of gene 
conversion, which leads to rearrangements of genes, or 
mutations. In an evolutionary framework, this suggests 
a dynamic system within populations which may actually 
inprove human adapatibility. The observation that 
stable populations with a high incidence of genetic 
disorders, such as the Amish and Hutterites have a very 
lew recombination rate,indicates the need for more 
ir.tra and interpopulation studies on the MHC 
haplotype.
1.5 FUNCTION OF THE MHC AND IMMUNE SYSTEMS.
The function of the MHC is to co-ordinate an 
iitmune response to the presentation of foreign 
antigens. In brief, the immune response begins with the 
presenting antigen being processed by antigen- 
presenting cells which keep fragments of the antigen on 
their cell surface.The antigen fragments are recognised 
by T- helper cell surface receptors which assist the B 
cells. B cell recognition is via immunoglobulin 
receptors on the cell surface. This process encourages 
B cell proliferation which causes antibody formation.
In general, the antigen response requires 
recognition of the foreign component by both B cells
13
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and T cells. The D region antigens are found on human 
B lymphocytes, macrophages, monocytes, melanoma cells, 
some activated T cells, and possibly epithelial cells 
(Roitt et al. 1985).
1.6 METHODS FOR HLA ALLELE CHARACTERIZATION 
and ADVANTAGES OF DNA METHODS.
All three HLA classes have been characterized 
serologically via cellular immune responses using T- 
lymphocytes, and biochemically with the use of DNA 
monoclonal antibodies (Amos 1986.,Kohonen-Corish et al. 
1986b., Bhatia et al. 1986).
The serological typing of the HLA system is 
hampered by difficulties with antisera for some -DR 
specificities, such as DRw6 and DRwlO. This method of 
typing also relies on a fair degree of homeostasis and 
an absence of pathology in the subject being typed.
RFLP analysis requires smaller volumes of 
leucocytes for testing, and is not affected by illness 
in the subject (Dunckley et al. 1986., Bidwell 1988). 
This is advantageous for tissue typing with regard to 
organ transplant.
Inoko et al. (1986) discuss RFLP typing as 
complementary to conventional tissue typing, and the 
additional information it provides as useful for the 
prediction of organ graft survival. Teraski (1986) 
reviews serological HLA-A and -B locus typing and
14
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concludes that it improves the ten year kidney graft 
acceptance outcome, particularly where -DR matching was 
complete. This is in contrast to serological matching 
without reference to the HLA system.
1.7 NOMENCLATURE.
The nomenclature of the HLA system is 
constantly being reviewed and updated. Originally, the 
terms developed from serological testing were used for 
RFLP analysis. Serjeantson et al. (1986) first 
described the association between common serologically 
described HLA-DR specificities with Class II RFLPs. 
This work found variability within DR1, DR2 and DR4 
specificities, reported four DR7 subtypes and found DR 
alpha RFLPs which could be assigned to DRw6 subtypes. 
This paper also first described Class II RFLP 
associated -DR types for DR2 and DRw6. Kohonen-Corish 
et al. (1986c) outlined genomic hybridization using 
cloned DNA (cDNA) probes which gave results compatible 
with HLA-DR serological specificities, and described 
Taql RFLPs for serological types DR1- w9. Bidwell et 
al. (1988) continued the RFLP typing nomenclature of 
HLA-DR and -DQ specificities using cDNA probes.
The determination of variation in the Class 
II HLA genes has several applications. In particular, 
the genomic hybridization of Class II antigens using 
cDNA probes for the alpha and beta chains, provides
15
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accurate information from an anthropological, 
scientific and medical standpoint. The specific 
interest in this work revolves around the initial 
definition of Class II alleles for Australian 
Aborigines and PNG hinterland or highland fringe groups 
and their placement within the historical framework of 
migration in Oceania. This work also recognises the 
importance of the role of allogenotyping in accurate 
tissue typing for organ transplant survival. Related to 
this is the recognition of allogenotyping as a method 
of establishing susceptibility to HLA-associated 
diseases.
While the concept of allogenotyping was 
first described in 1984 by Dausset (et al), the 
refinement of the techniques for accurate typing has 
continued. Kohonen-Corish (et al 1986) documented the 
method of hybridizing genomic DNA with HLA-DR and -DQ 
cDNA probes, and compared the results favourably with 
cellular and serological typing. This technique is 
particularly useful for determining heterogeneity, new 
alleles and linkage relationships at the -DR and -DQ 
loci.
This refinement in method has allowed the 
genetic structure of the HLA-D region to progress 
rapidly. The addition of new untyped populations serves 
to extend an already increasing database, but also 
provides more accurate comparisons between
16
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geographically and linguistically varying groups.
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CHAPTER 2 LITERATURE REVIEW OF AUSTRALIAN
AND MELANESIAN BIOLOGICAL ORIGINS.
2.1 RELATION OF GENETICS TO LINGUISTIC EVIDENCE.
Previous to allogenotyping, human genetic 
markers were often applied in order to corroborate 
linguistic findings. Serjeantsom et al (1983a) 
attempted to differentiate Non Austronesian (NAN) from 
Austronesian (AN) speakers on Karkar Island, northeast 
of PNG, by using single locus genetic markers. Blood 
group antigens, serum protein and red cell enzyme 
markers were analysed for distribution versus language. 
The analysis showed more correlation between genetic 
markers and geographical proximity than between markers 
and language. These results showed that genetic 
affiliation and linguistic similarities are not 
straightforwardly related, suggesting in this instance 
that genetic markers should provide a more reliable 
historical or migrational picture than linguistic 
studies.
Keats (1977) also investigated the 
relationship between kinship and language in 
Australians and New Guineans, finding some consistency
18
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between current gene frequencies and linguistic 
analysis both between the two groups and within 
Australian and New Guinean poopulations. Further, she 
was able to demonstrate the separate evolution of 
Australian Aboriginals and Non-Austronesians in New 
Guinea over the last 8,000 years, and the subsequent 
migration into New Guinea of Melanesians who moved 
through New Guinea into the Melanesian Islands and into 
northern Australia. This resulted in three genetically 
and linguistically distinct populations in Australia 
and New Guinea.
Crane et al. (1985) also investigated the 
comparison of genetic with linguistic data. The 
recognition of strong HLA-A and -B antigen associations 
(Bhatia et al 1986) and the increasing knowledge of HLA 
loci was considered a good rationale for reexamining 
Highland and Coastal PNG antigen studies carried out a
few years previously (Crane et al. 1985). The
serological results yielded a low level of
polymorphism, but did differentiate between 
characteristically coastal and characteristically 
highland haplotypes.
The comparison was fruitful in that the HLA 
data was compatible with linguistic diversity in the 
highlands, while coastal HLA data related these people 
with south-west Pacific populations. This added weight 
to a theory of language migration about 4,000 years
19
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ago, from south-east Asia through north coastal New 
Guinea to Polynesia (Crane et al. 1985).
Wurm (1983) in his treatise on the linguistic 
prehistory of PNG groups refers to the corroborating 
role played by genetics, prehistory and cultural 
anthropology. He describes the history and development 
of PNG languages as evolving through three major 
migrations, or waves, which represent the sources of 
the over 740 languages currently identified. Wurm 
places the Sepik-Ramu phylum in the Papuan languages 
phylum.
The Western Schrader populations are 
categorised as Sepik-Ramu speakers by their simialr 
phonology, relatable pronoun sets and and similar 
basic vocabulary (Laycock 1973).
The Sepik-Ramu Phylum is contained in the NAN 
or Papuan language category, a language which is 
heterogeneous in that it contains a number of language 
families which are not closely related to each other. 
NAN languages are spoken in the New Guinea highlands 
and some coastal areas, as well as in a fewareas 
outside New Guinea. The AN languages are distributed in 
mainly coastal parts of New Guinea as well as through 
Micronesia, Polynesia, Fiji, Melanesia, and large parts 
of south-east Asia and Madagascar (Wurm 1983., 
Attenborough, pers. comm).
The Australian Aboriginal stock of languages
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is also quite diverse, consisting of twenty five phylic 
families, twenty four of which are found in the north 
and northwest of the country (Wurm cited in Keats 
1977). In comparison, HLA evidence is quite limited. 
Honeyman et al. (1986) reported cellular HLA-D results 
which related Australian Aborigines with Highland Asaro 
speakers. Hay et al. (1986) reviewed the serology of 
the HLA-A, -B , -C and -D loci, finding a high 
frequency of -DR blank results. This indicated a 
potential for further heterogeneity, undetectable via 
serology. Both Honeyman et al (1986) and Hay et al 
(1986) found a high frequency of DRw8, DRw6 and DR2 
alleles.
Kirk (1983) describes language and genetic 
affiliations becoming more tenuous when distant groups 
are analysed. He particularly cites Cape York groups as 
difficult to analyse because their language is included 
in the Pama-Nyungan family, yet the genetic affiliation 
through blood markers is with Arnhem Land, an area of 
enormous language diversity.
2.2 MORPHOLOGICAL AND GENETIC MARKER EVIDENCE.
Morphological traits are also sometimes cited 
as evidence of biological, and by implication genetic, 
affinities of Aboriginal groups. Morphological distance 
anlaysis of cranial traits has shown Aboriginal groups 
to be nearest to Melanesians. The transferrin blood
21
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marker evidence also confirms this (Kirk 1983). Gamma 
globulins specifically relates central and western 
desert Aborigines with PNG highlanders (Kirk 1983).
Aboriginal genetic markers have shown some 
similarity with Melanesian markers in transferrin and 
GcAk distribution (Kirk 1983). There are also, however, 
specific Melanesian markers, such as the red cell 
enzyme variant of phosphoglucomutase, and certain serum 
albumin variants which are not found in Australia. 
Conversely, there are also Australian markers, such as 
carbonic anhydrase variants which are absent in PNG 
(Kirk 1983). The Comparative analysis of these gene 
distribution patterns suggest that there has been 
common origins and early contact between Melanesians 
and Australians, but the gene differences also indicate 
a long physical separation. This is congruent with the 
loss of the landbridge across Torres Strait about 8,000 
years ago (Kirk 1983).
2.3 DERMATOGLYPHIC EVIDENCE.
Dermatoglyphic comparisons between Aborigines 
and Melanesians have also been undertaken. Kirk (1983) 
describes the Pattern Intensity Index of loops, whorls, 
ridges and creases in dermatoglyphics. These 
measurements, which are highly heritable, show enormous 
variation within Australia. North eastern Arnhem Land 
groups had very high Pattern Intensity values which
22
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corresponded with the high values observed in Melanesia 
and Micronesia (Kirk 1983). The highest Intensity value 
in Australia came from Groote Eylandt in the Gulf of 
Carpentaria. These results showed that the Pattern 
Intensity Index was clearly affected by genetic 
isolation, in this case in the form of geographical 
barriers (Kirk 1983).
2.4 FREQUENCY-DEPENDENT SELECTION.
Interdisciplinary studies clearly are able 
to assist each other in the detection and confirmation 
of migration patterns and population differences. The 
refinement of genetic techniques provides an additional 
anthropological tool to the already well established 
battery of observations.
The definition of polymorphisms in the HLA 
system has especially been interesting in the Oceania 
region. Hill and Serjeantson (1989) outlines the 
comparatively restricted HLA polymorphisms 
characteristic of the Oceania area. The reduction in 
allele variability relative to European populations is 
considered to be an enigma because frequency-dependent 
selection would be expected to favour polymorphic 
variety as a defence against pathogens. Rare genotypes 
are thought to respond more effectively to pathogens, 
which would not be adapted to them, therefore 
conferring an advantage in disease resistance (Hill
23
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1989). The allogenotyping of additional PNG and 
Australian populations may detect a pattern of disease 
or pathogen related haplotypes which confer a selective 
advantage against disease or infection in the 
individual.
A restricted range of polymorphism in the 
Western Schrader populations is anticipated because of 
the known lack of allelic variability described in the 
PNG highland and coastal groups. Serjeantson et al. 
(unpubl) suggest that limited intrapopulation 
variability in PNG is a result of both natural 
selection and genetic drift. The Australian populations 
have also been isolated, and therefore one would expect 
some restriction in polymorphism within the Coen and 
Kimberley groups. Comparative analyses of this data may 
be useful in the detection of frequency-dependent 
selection for disease or infection in these groups.
24
CHAPTER 3 SAMPLE POPULATIONS.
3.1 AUSTRALIAN ABORIGINAL POPULATIONS
The Aboriginal populations to be studied 
originate from two distinct geographical regions, and 
consist of roughly four tribal groups. From the Coen 
region in the Cape York Peninsula of north-eastern 
Australia there are two tribal groups. The Gandgu and 
Wikmunggan share traditional borders and are both 
inland tribes.
The other groups originate from two mission 
settlements in the Kimberley region: the Mowanjum
mission, near Derby and the Kalumburu mission in the 
far north-west. Map 1 identifies the geographical 
location of the four Aboriginal groups.
3.1.1 COEN
Peripheral blood specimens from the Coen 
groups were collected in February 1988 by Ray Pace 
of the Royal Brisbane Hospital Foundation, Clinical 
Research Centre. The subjects from the Coen area are 32
25
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Australian Aboriginal males who worked mainly as 
jackeroos in the surrounding cattle stations. The 
population of the town of Coen is mainly Aboriginal 
though the town itself is on the only road to the gulf 
country. The Coen specimens are from members of two 
tribal groups, the Gandgu, and the Wikmunggan or 
Munggan (Wik meaning language). These tribal areas are 
recorded in the Bibliographical Tribal Catalogue, 
Australian Institute of Aboriginal Studies (AIAS) where 
the Cape York Peninsula is categorised as Area Y. Map 2 
represents Area Y, showing its southern border, and the 
approximate traditional placement of the Wikmunggan and 
Gandgu tribes in relation to Coen.
Tribal names for the inland Wikmunggan group 
seem to vary. The Tribal Bibliography records this 
group as "Wikmunggan", (the name used in this work). 
Smyth (1982) refers to the 'Wik-mungkana', McConnel 
(1930a,1930b,1934 ) calls them the ’Wik-Munkan', while 
Thomson (1976) uses 'Wik Monkan' where the 'nf is a 
combination n-j sound.
The Gandgu tribal group has similar 
variations: Smyth (1982) and Thomson (1976) allude to 
the 'Kandju',and McConnell (1930a), the 'Kanju'. Gandgu 
is used in the Tribal Bibliography, and in this work.
HISTORY AND TRADITION.
The Gandgu people are geographically adjacent
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to the Wikmunggan. Prior to Western infringement on 
their region, these two tribal groups occupied the 
largest areas and were the most numerous of Cape 
tribes, although not the most politically dominant 
(Thomson 1976).
McConnel (1930a) and Thomson (1976) record 
marriage across language groups and between adjoining 
clans as common practice. The geographical proximity of 
the Wikmunggan and Gandgu clans to each other meant a 
lot of intermarriage, therefore access to the 
neighbouring tribal land through the kinship network. 
Scheffer (Thomson 1976:1) states that in cases where 
the tribal territory was extensive, the clans at the 
extreme edge of the territory often had more in common 
with neighbouring clans than with their own clan. He 
cites the Wikmunggan clans bordering Gandgu territory 
as a case in point.
While language differences existed, the two 
groups along with the other Wik tribes in the area 
clearly share a broadly based gene pool through their 
kinship reticulation, as evidenced by the clan 
intermarriage patterns described by McConnell 
(1930a,1930b).
The Wikmunggan and other Cape York tribal 
groups were studied extensively by McConnel,
( 1930a, 1930b,1934 ) and Thomson( 1972 ) . Smyth ( 1982 ) 
points out that while the ethnography of most Cape York
29
Chapter3
tribes has been documented, most of the emphasis has 
been on the coastal groups. The information available 
to McConnel and Thomson at that time was mostly 
provided by Aboriginals who had been attracted to the 
coast to work on fishing vessels, or who were living in 
settlements such as the one at Aurukun.
Smyth (1982) relates his journeys in the 
traditional country of Wikmunggan Aborigine, John 
Koowarta who lives at Aurukun. The field trip around 
the Archer River area, Coen, Aurukun and many of the 
large cattle stations in between highlighted the depth 
and maintenance of local and traditional Aboriginal 
knowledge in the Cape York area. Smyth (1982) points 
out that the combined local ethnographic relationship 
of traditional ownership and occupation of the Cape is 
well known by many of the older residents. The practise 
of rounding up Aboriginals to work on newly occupied 
cattle stations meant that a continuing link was 
maintained between the traditional camps nearby and the 
stations. The local Aboriginal groups have lived 
through the fluctuations in the local cattle industry 
and worked variously in the surrounding stations such 
as Rokeby, Merluna and Merepah. The close liaison 
between the tribal and station aborigines has meant a 
continuation of traditional culture and knowledge which 
the local people are keen to have documented. Smyth 
(1982) states that the information available in this
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inland Cape area is complete for all the tribal groups 
except for the Wikompom people who are thought to be 
extinct.
KINSHIP AND TOTEMISM.
The basic kinship system for the inland Cape 
groups is thought to be the same as that of the 
mainland Australian Aborigine, ie between 
classificatory cross cousins (Thomson,1976). McConnel, 
(1930b) described the Wikmunggan as operating under a 
patrilineal system of clans where land was claimed by 
descent. McConnel(1930a) states that the Wikmunggan and 
allied tribes had similar social organisations in which 
exogamous marriage featured, defined by the clan or 
language unit. This system was based upon what she 
describes as a junior sororate and levirate system 
which utilises a first cousin consanguinal recognition 
pattern for potential marriage partners. McConnel 
(1930b) also describes a complicated totemic system
within the Wikmunggan which serves to extend the strict 
genealogical boundaries by recognising a kindred 
totemic moiety, thus making more marriage options 
available.
In contrast, Thomson (1976) firmly denies the 
existence of moieties in the Wikmunggan, saying
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McConnel obtained her data from the manager of the 
Rokeby station, not a Wikmunggan. However, he does 
mention the use of moieties where Wikmunggan were in 
contact with neighbouring Gandgu clans who used this 
system, and also in the context of naming practices. 
Scheffer (Thomson 1976:51) discusses the "politics of 
betrothal" and comments that the Wikmunggan system 
clearly recognises interclan marital alliance and 
genealogical connections as important features of their 
marriage practices. The role of bestowal has its place 
in interclan alliance though it may not necessarily be 
of primary importance. Koowarta (Smyth 1982) relates 
the marriage pattern of the Wikmunggan as occurring 
within and between language groups, thus setting up a 
complex network of kinship which allowed access to land 
out of the Wikmunggan territory.
The complementary Gandgu system seems to 
favour the father's-sister's-daughter regime of 
patrilineal moieties (Needham 1958) plus a system of 
moieties related to the naming rights of the father's 
clan.
This agrees with the information from Thomson 
(1976) which relates the use of moieties when the 
Wikmunggan are in close proximity with another tribal 
group, together with Scheffer's (Thomson 1976) emphasis 
on the importance of maintaining interclan marital 
alliances.
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The evidence of intermarriage,cultural and 
language similarities together with compatible moieties 
is confirmed by the homogeneous RFLP results observed 
from the Coen region. Subsequently the data for the 
Wikmunggan and Gandgu is not differentiated in this 
work.
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3.1.2 KIMBERLEY
The samples from the Kimberley Region 
originate from two mission settlements in the area. The 
peripheral blood samples were collected in the late 
1970's by Dr Max Blake, of the J.C.S.M.R.
A. MOWANJUM
CONTACT HISTORY.
Mowanjum is a settlement on the southern tip 
of King Sound, near the mouth of the Fitzroy River, 
approximately 3.5 kilometres southwest from Derby in 
the shire of West Kimberley (see Map 3). The Kimberley 
region is categorised as Area K in the Bibliographical 
Tribal catalogue (AIAS).
The Mowanjum community has been in existence 
since 1956 when the Presbyterian Board of Missions 
purchased a 696 acre cattle station, freehold. The 
mission was named Mowanjum, (allegedly meaning "settled 
at last") by the Aboriginal groups who gradually 
amalgamated by choice to reside there (Freeman 1975a).
The first mission in the west Kimberley 
region was established by the Presbyterian Board of 
Missions in 1912. The mission was established on
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traditional Worora territory about 60 - 90 kilometres 
northeast of Derby. The Port George IV mission 
attracted Aborigines from the Worora, Ngarinjin and 
Wunambal tribes. Map 3A shows the tribal boundaries of 
these three tribes. In 1916, the mission moved to 
nearby Kunmunya where there were 400-450 Aborigines 
recorded as affiliated with the mission (Freeman 
1975a). Kunmunya included individuals from the Worora, 
Ngarinjin and Wunambal tribes, of whom the Worora group 
was the most numerous. These three tribal groups are 
recorded as being similar in custom and language, being 
"long joined in a kind of loose federation" (Freeman 
1975a:5 ).
TRADITION.
The Kunmunya mission was the most successful 
settlement, running for 36 years. During this time one 
particular missionary, Reverend J.R.B. Love 
energetically documented the Worora language and 
customs (Freeman 1975a). He also taught English to the 
adolescents, most of whom are now the elders of 
Mowanjum.
Love observed that the Worora men obtained 
wives from the Ngarinjin and Wunambal tribes. They also 
met regularly for rituals and exchange of sacred 
objects (Freeman 1975a). Wororans traditionally used a 
patrilineal moiety system where the offspring inherits
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the father's moiety or totemic name. The Worora have 
two bird moieties, the Arwunaria (spotted nightjar) and 
Ädbularia (owlet nightjar), while the Ngarinjin and 
Wunambal had complementary moieties with the Worora.
RECENT HISTORY.
In 1949 the water supply at Kunmunya was 
becoming scarce, and this was complicated by hookworm 
infestations. At the same time, the Board of Missions 
was encouraged to assume responsibility of a government 
mission at nearby Munja, also suffering water supply 
problems. The Munja mission was the main settlement for 
the Ngarinjin and Wunambal tribes. Amalgamation of the 
two missions was made difficult by finding land which 
was acceptable to all three tribal groups.
In 1952, Wotjulum was established, less than 
2 kilometres inland from Coppermine Creek, on the 
border of Worora territory. Wotjulum had a better water 
supply and was less remote than Kunmunya or Munja, but 
life was still difficult.
When a cattle station (later Mowanjum) near 
Derby was offered for sale, the Mission Board was 
encouraged to purchase the station by young Aborigines 
who had enjoyed the conveniences and entertainment of 
nearby Derby (Freeman 1975b). So in 1956, 152 people 
from the Worora, Ngarinjin and Wunambal tribes settled 
in Mowanjum (Freeman 1975a).
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The current inhabitants of Mowanjum mission 
originate from the Worora, Ngarinjin and Wunambal 
tribes, the history of Mowanjum being a direct outcome 
of these earlier settlements. Blake in his field 
workbook (unpubl) records the local tribal affiliations 
at the settlement, when he visited, as Worora, 
Ngarinjin and Wunambal. Freeman's (1975a) data confirms 
this. Blake (1979) also records the residents of 
Mowanjum mission as of full Aboriginal descent.
MOWANJUM LIFESTYLE.
The mission itself consists of 36 houses, 33 
of which are unlined corrugated sheds. Two houses are 
larger, and one house is described as of 'modern 
construction' (Freeman 1975a). Each dwelling has an 
outside lavatory connected to a septic system and water 
piped to the house. Mowanjum also boasts a preschool, 
playground, church, clinic, dining hall, ablutions 
block, power house, office, community advisor, two 
staff houses, and a visitors' house.
In 1974, Freeman conducted a census of 
Mowanjum, showing a population of 260 people. This 
number fluctuates because many people work on 
surrounding cattlestations while still calling Mowanjum 
their place of residence. Ngarinjin families, in 
particular, move around the cattlestations of the 
western Kimberley area, but return to Mowanjum because
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of its easy access to education and medical services in 
Derby. Derby also provides employment for one third of 
Mowanjum households, while the mission itself employs 
28 people (Freeman 1975a).
In July, 1974 the mission became Mowanjum 
Community Incorporated, independently owned by the 
Mowanjum people and governed by a Council of Elders 
(Freeman 1975a).
Culturally, the Mowanjum people seem to 
differ more between generations than tribes. The 
younger people share a sub-culture which seems to 
disregard traditional mores and tribal differences. 
They are educated in the local schools at Derby, and 
speak English to each other. Freeman (1975b) noted 
that since 1956, 63% of Mowanjum marriages had been 
outside the traditional confines of moiety and clan 
exogamy. Many marriages since 1966 had been to other 
Kimberley groups and not Ngarinjin, Wunambal or Worora 
members.
On the other hand, the elders retain tribal 
dialects, most elders speaking all three languages 
(Freeman 1975a). Evidence of elder regard for tribal 
traditions was seen in the constituents of the Council 
of Elders which contained 2 Wunambal, 3 Ngarinjin and 3 
Worora members.
In Freeman's 1974 census, he found that the 
Ngarinjin tribe were the most numerous tribe residing
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in Mowanjum, while the Wunambal number had remained the 
same since the previous census in 1963. The 1974 census 
also highlighted the problem of insufficient housing at 
Mowanjum. At this time there was a brief discussion 
with the Federal Department of Transport and 
Communication about relocating Mowanjum, in order to 
extend Derby airport (1 Mile away) into a defence 
facility. Freeman (1975a) found that 97% of Mowanjum 
residents wished to stay where they were currently 
located, but would relocate to a new, larger settlement 
if necessary.
Olsen (et al 1984) in a recent field trip, 
found that the community of Mowanjum had moved away 
from the airport to a site the same distance from Derby 
as the original Mowanjum settlement. The community is 
administered by an Aboriginal Council (presumably the 
Council of Elders) and maintains the Pantijan Downs 
cattle station where many Mowanjum residents are 
employed as stockmen.
Additionally, the Mowanjum community has 
created a niche for themselves in the local market, 
selling traditional handicrafts.
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B KALUMBURU
Kalumburu mission is located at Napier Broome 
Bay near the mouth of the King Edward River, 196km 
northwest of Wyndham (Olsen et al 1984). Map 3 gives the 
location of Kalumburu in Area K of the Bibliographical 
Tribal Catalogue (AIAS)
The tribal affiliations with Kalumburu are 
unclear, although serological data and blood typing 
from the area correlate this group very strongly with 
the Wunambal, Ngarinjin and Worora tribes (Blake 1979).
CONTACT HISTORY.
The first mission in the far north of Western 
Australia was established by Spanish Benedictine Monks 
in 1908, at Pago, 2km from the present site at 
Kalumburu. The Benedictine monks arrived in western 
Australia in 1846 and began a mission at New Norcia, 
60km from Perth. The New Norcia monastery supported the 
new mission in Pago and sent supplies twice a year by 
boat until Pago became self-sufficient (Olsen et al 
1984).
The establishment at Pago was received with 
hostility by the local Aboriginals who repeatedly 
attacked the monastery, and raided the vegetable 
gardens (Beattie 1980). Olsen (et al 1984) records the
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hostility as persisting for six years before the monks 
were able to communicate peacefully with the local 
tribes.
Self sufficiency was difficult at Pago 
because the poor soil required intensive cultivation. 
The Agricultural Department in Perth provided the monks 
with advice, however it wasn't until a government Party 
visited the area that a botanist travelling with the 
group suggested the move to the Kalumburu pool on the 
King Edward River. This move was staged over a period 
of time, and completed by 1932 (Beattie 1980).
In the meantime, the monks observed a decline 
in Aboriginal numbers due mainly to warfare between 
tribes, and sickness. Olsen (et al 1984) mentions the 
progress of leprosy to Derby and Mowanjum from the 
northern parts of the Kimberley, forcing the opening of 
a leprosarium at Derby in 1932. The leprosarium is 
still functioning.
In 1930, the monks were joined by four 
sisters of the same order. The local Aboriginals by 
this time had become nominal Christians in order to 
receive sugar, tea, flour, produce and tobacco in 
exchange for church attendance (Olsen et al 1984). The 
monks recognised this and apparently avoided religious 
coercion acknowledging the Aboriginals as "wild 
tribesmen in their natural state who moved to the 
sphere of the mission, seeing it as a way of life
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preferable to their nomadic and difficult existence in 
the bush" (Beattie 1980, pl35).
The monasteries at both Pago and Kalumburu 
also found life in the Kimberley region difficult, 
largely as a result of its isolation.
In 1925, the monks erected radio facilities 
in order to maintain communication with the newly 
established port of Wyndham. It was not until 1927, 
when the monks were presented with efficient radio 
equipment that they were able to preserve contact with 
the outside world (Beattie 1980).
In both World War I (WWI) and World War II 
(WWII), Pago and Kalumburu were useful as a strategic 
outpost for shipping and aviation. At the outset of WWI 
the monks built an airstrip under government contract. 
They were also useful for the provision of 
meteorological information which they provided four 
times a day. Kalumburu became an important focus for 
national defence during this time, the monks and 
Aboriginals building houses, shelters for aircraft and 
fuel and a hospital for defence personnel (Beattie 
1980).
Soon after the involvement of the Japanese in 
the war, the newly built Kalumburu was bombed by 
Japanese planes, and totally destroyed. The mission
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endured numerous bombings throughout WW II, the monks 
trying not to become involved in the war effort, but 
assisting, with the Aborigines, in the care and rescue 
of war victims (Beattie 1980, Olsen et al 1984).
At the end of the war , there were 200 people 
at Kalumburu (Olsen et el 1984). Materials were 
provided to rebuild the mission in 1946, although the 
army had built camouflaged houses for everyone after 
the mission was destroyed (Beattie 1980).
Since its early establishment, Kalumburu had 
become famous for its lush gardens, and successful 
animal husbandry. In 1955, Father Sanz noted that the 
Aboriginals had changed in their demeanor, "The old 
'outback’ myall had completely disappeared" (Beattie 
1980), and the birthrate had increased.
The mission also provided pastoral care for 
new settlers, the monks being renowned for their 
hospitality. In 1962, Kalumburu leased the adjoining 
Carson River cattlestation. A crocodile farm was 
commenced around the same time, both ventures for the 
employment and benefit of the mission Aboriginals 
(Olsen et al 1984).
CURRENT STATUS.
The Federal Government's desire to reduce 
mission influences together with the formation of self-
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governing Aboriginal Councils has created what Olsen et 
al (1984) describe as a transitional stage in the 
mission community. The Carson River Station is 
currently being run by Aboriginal stockmen with a 
European manager, the actual control of the station 
being refused by the Aboriginals on the grounds of a 
lack of appropriate knowledge and experience (Olsen et 
al 1984).
Additionally, there appears to be a religious 
dispute over Kalumburu. Olsen et al (1984) report the 
Benedictine monks are about to be displaced by the 
Catholic Archdiocese which controls every other 
settlement in the Kimbereley region, and believes it 
should also manage Kalumburu (Olsen et al 1984). The 
current Benedictine monks and three sisters are 
thought to be the last Benedictines to reside at 
Kalumburu. The church no longer has any authority at 
the mission, though it still undertakes pastoral care 
and general support of the Aborigines.
3.2 HARUAI and PINAI
The PNG samples analysed here consist of 54 
peripheral blood specimens collected from Haruai and 
Pinai speakers of the western Schrader range in 
northern PNG. This area is described as highlands 
fringe or hinterland area,to differentiate it from the
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central highlands. The nearest coastal town is Madang. 
The Haruai and Pinai populations are separated by the 
Yuat and Arame Rivers, which form natural borders 
between the two. Map 4 shows the location of the 
Schrader Range and the proximity of the Haruai and 
Pinai to each other.
Linguistic Affiliation.
The Pinai are considered part of the larger 
family known as Hagahai. The term Hagahai, roughly 
meaning "you folks", has been described by Jenkins 
(Telban,1989) and includes the Aramo, Luya luya, 
Mamusi, Miamia, and the Pinale groups.
The Haruai, Pinai and Hagahai languages are 
all very similar in their phonology (Bhatia et al 
1989a.). Davies et al (1985) place the Pinai language 
in the Piawi family Stock contained in the Yuat Super 
Stock which is within the Sepik-Ramu Phylum.
The Sepik-Ramu Phylum was first defined by 
Laycock (1973), who identified a restricted vowel 
inventory as the common feature of the phylum.
The Pinai language is spoken on both sides of 
the Yuat River, and is closely related to the Aramo, 
Nangenuwetan and Wiyaw languages. Together, these 
languages form the Piawi family. The language 
classification of the Pinai and their neighbouring 
groups is still undergoing further research, mostly as 
a result of the fairly recent scientific contact with
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the Western Schrader Range populations. Bhatia et al. 
(1989) suggests that the Hagahai and Haruai languages 
also belong in the Sepik-Ramu Phylum.
Contact History.
Both the Haruai and the Pinai are considered 
to be recently contacted groups. The Haruai are 
recorded as first contacted in 1962 (Bhatia et al 
1989). Gorecki (1984) takes a sceptical view of the 
popular press notion of the "lost tribes". He documents 
the first possible European contact in the Schrader 
Range area as 1913 when a German party explored 
around the Ramu, Yuat, Lai and Jimi river junctions. 
They were attacked when they made camp near the Laula- 
Yuat River junctions where two of the party were 
injured. Gorecki (1984) then describes prospecting and 
patrol parties traversing the area in the years 1928,- 
31,-33, and 1934. The Second World war followed, during 
which military patrols used the Yuat River. Frequent 
patrols occured in the area in the 1950's and, in 1957 
a census of the Ruti Flats area including Pinai 
villages was undertaken. At this time, trade in steel 
axes and bushknives between the Pinai and coastal Melpa 
groups was noted. In 1967 the Ruti Flats were purchased 
by the PNG government for an airstrip, the Pinai taking 
their share of the funds, and in 1969 a government 
trade store was operating from Ruti Flats (Gorecki 
1984).
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In 1970 the Jimi River Cattle Company (JRCC) 
was established. Clearly, the Pinai have been more 
exposed to "western" civilisation than the Haruai
because of their geographical proximity to the JRCC on 
the border of the western highlands. Many Pinai have 
been employed on the station since it began functioning 
(Gorecki 1984).
Additional "western" influences in the area 
came in the form of Baptist missions founded also on 
the Jimi river in 1984, and various geological 
research teams, mineral exploration teams, and a 
feasibility study to build a dam on the Yuat River. 
Gorecki ( 1984) also points out that many Pinai 
children have been going to Ruti government school for 
some years.
Bhatia et al. (1989) state that the 
establishment of the missions was the first direct 
western contact experienced by the Hagahai, who had 
only previously been in contact with their Pinai and 
Haruai neighbours. In 1984, the Hagahai were censused 
by the PNG Government and this episode coincided with 
their first contact with anthropologists and medical 
research workers.
Prehistory and Tradition.
Gorecki (1984) states that current knowledge 
of Pinai language borders and territory is sketchy, 
but that there is archaeological evidence in the form
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of stone axes and marine shells in rock shelters at the 
Nanama-Yuat junction which indicates that the 
inhabitants of the area have traded with their highland 
and surrounding neighbours over the past few thousand 
years. The Pinai ability to converse in highland 
languages such as Kopon, Kalam, Melpa and Enga 
indicates the extent of their contact with other groups 
in the region via trade, or exchange. It seems 
reasonable to assume that their immediate neighbours to 
the northeast, the Haruai, had experienced indirect 
contact with western civilization through the Pinai.
Telban (1989) also described the apparent 
cultural antiquity of the upper Yuat River groups in 
his description of their firemaking techniques, and the 
use of stone-mortars by the Hagahai. Telban 
differentiates between the Pinai and the Hagahai in 
their period of western contact, saying that the Pinai 
learned about the "west" through their neighbours, the 
Wapi, and subsequently modified their lifestyle with 
the adoption of steel tools.
The Hagahai have maintained a traditional custom 
of using mortar and pestle to grind seed kernels from 
the Gigasiphon tree. Oil is then extracted and rubbed 
into the hair to fashion elaborate headdresses. These 
headdresses are an important ritual in the initiation 
of adolescents, in which they are required to wear the 
hat for a two year period. The extraction of the oil
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to fashion the headdress maintains an old tradition of 
using naturally occurring indentations in riverbed 
rock. The rocks with indentations have traditionally, 
and still are used as the mortar.
Traditional marriage patterns and other 
cultural practices also persist. The Pinai have a high 
rate of intermarriage with each other , usually 
choosing to marry into a neighbouring group, preferably 
with sister exchange, rather than bypassing bordering 
populations. Alternatively, over 85% of Haruai and 
Hagahai marriages are endogamous within their own 
language groups. Consanguineous unions are accepted as 
being within the norm (Bhatia et al 1989).
In consideration of the high rate of 
intermarriage between the Haruai and the Hagahai, and 
the close geographical proximity of all the hinterland 
groups, there seems to be a reasonable indication that 
a great deal of genetic diversity within these groups would 
not be expected.
Ecology and Subsistence.
Bhatia et al (1989) describe an environment 
which does not contain the endemic malaria and 
filariasis of lowland areas. The apparent protection is 
the 1,100 metre minimum altitude range occupied by both
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the Haruai and Hagahai. Bruce-Chwatt (1980) states, 
however, that there is a malaria risk anywhere below 
2,000metres in PNG during every month of the year, 
although local ecology may cause variations in these 
factors. The Anopheles mosquito, which transmits both 
malaria and filariasis, is abundant in lowland, and mid 
altitude areas in PNG but will not survive at altitudes 
above 2,000-2,500 metres (Bruce-Chwatt,1980).
The ecology of the Schrader fringe area is 
quite diverse including lowland and high altitude 
rainforest ecosystems (Bhatia et al.,1989). The 
Hagahai have a mobile, hunter-horticulturalist 
subsistence pattern which includes some restricted pig 
husbandry. The Haruai inhabit a similar altitude, but 
maintain a more sedentary form of horticulture paying 
more attention to pig farming.
Most of the anthropological data currently 
available from the area have arisen from the work of 
Carol Jenkins and the PNG Institute of Medical research 
(Telban 1989). A data base of genetic profiles in the 
area is being built up by Kuldeep Bhatia and his 
research team from the PNG Institute of Medical 
Research.
Implications for Genetics.
The Haruai and Hagahai have had less contact 
with European influences than the Pinai, although it
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seems that theHaruai in particular, have experienced 
these influences through the Pinai.
The apparent isolation of the Western 
Schrader groups may have some effect on the degree of 
observed -DR and -DQ poymorphism. Further, the 
intermarriage practices within and between Hagahai and 
Haruai peoples may contribute to a reduced genetic 
diversity between these groups. The geographical 
proximity of the Western Schrader populations to the 
Highland tribes provides an opportunity for genetic 
admixture. The further distance between Western 
Schrader and coastal groups perhaps lessens this 
likelihood.
Where reduced genetic diversity exists, there 
is an increased risk of susceptability to disease. RFLP 
typing of these groups is underway in order to 
establish possible asssociations between particular 
allogenotypes and disease. The Hagahai samples used in 
this work have been genotyped for this purpose.
The fairly recent contact history of the 
Western Schrader groups means that allogenotyping could 
contribute evidence to migration pattern theories for 
the Pacific region, over the millenia, by exhibiting 
different allele frequencies to other established 
populations. The demonstration of new genotypes or 
unusual allelic variability would assist in the 
explanation of migration history in PNG.
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3.3 OTHER MELANESIAN POPULATIONS.
Additional Melanesian samples have been 
included for the purposes of calculating genetic 
distance (Figure 2), comparing HLA-DR distributions 
(Table 3, Chapter 5) and gene frequencies (Table 5).
The Madang sample consists of 40 individuals 
who had been allogenotyped in the Human Genetics 
laboratory of JCSMR. These are unpublished data 
provided by Professor Sue Serjeantson. The Madang 
series is included because of its coastal location, so 
that the western Schrader population studied can be 
compared with a coastal and highland group which is 
also included. The Hagahai share a border with the 
Pinai and Haruai groups. The population included in 
Tables 3 and 5 consists of 62 individuals, 25 of whom 
had clinical signs of tinea imbricata, and 37 withou 
the disease, who acted as controls for HLA-DR and -DQ 
allogenotyping.
The PNG Highland group was included in a 
study by Serjeantson et al in 1987. The subjects were 
37 infants from whom cord blood samples were taken. The 
infants were of Melanesian parents, living in Goroka, 
in the Eastern Highlands province. These samples were 
included for the purposes of comparing Melanesians with
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hinterland and coastal groups.
The New Caledonians studied were the control 
group of 27 people from a study of leprosy in 86 
Melanesians who were HLA-typed during the Second Asia- 
Oceania Histocompatibility Workshop (Serjeantson et al 
1983 cited by Jazwinska et al. 1988).
3.4 COLLECTION OF SAMPLES.
The JCSMR adheres to the National Health and 
Medical Research Council (NHMRC) document NHMRC 
Statement on Human Experimentation as a guideline for 
the design of research projects involving the 
collection of human biological material. The guideline 
document specifies "free consent of the subject" to the 
best of his or her comprehension of the "purpose, 
methods, demands, risks inconveniences and discomforts 
of the study "(p3). This consent is recorded in writing 
by the signing of a release form used by the Human 
Genetics Group, JCSMR. The form gives consent for 
venepuncture to be undertaken, and the blood used for 
the purposes of research.
Supplementary information specific to 
Aboriginal sensitivities is provided in Some Advisory 
Notes on Ethical Matters in Aboriginal research. These 
notes emphasise awareness of such issues as discussion
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with Aboriginal groups regarding the function of 
research projects, recognition of Aboriginal mores, use 
of aboriginal research assistants, problems of costs 
incurred to local communities by research teams and use 
of data. The advisory notes are presented as source 
material, they are not official NHMRC ethical 
guidelines.
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The following chapter describes the basic 
techniques used in the laboratory work for this thesis. 
Extraction of DNA from Buffy coats was undertaken by Mr 
R. Pace of the Royal Brisbane Hospital Foundation, 
Clinical Research Centre (Coen material), the staff of 
the PNG Institute of Medical Research (Haruai and 
Pinai), and Dr N. M. Blake, John Curtin School Medical 
Research (Kimberley).
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4.1 DNA Digestion.
The following procedure was used to digest 
each DNA sample:
25-30 microlitres (ul) DNA (10 micrograms 
[ug] concentration)
50 units Taql buffer
5ul Taql restriction enzyme
double distilled water (dd H2O) to add up to
50ul.
Manufacturer's instructions were observed 
when making up core buffer to 10 times the digestion 
concentration. The buffer was stored at -20oC in 
eppendorf tubes.
The Taql (Biolabs) enzyme digest was 
performed at 65 degrees centigrade (oC) for 2 hours, 
according to manufacturer's instructions. During this 
stage, the restriction enzyme recognises specific DNA 
sequences and cuts the DNA strand at or near the 
recognised site. These sequences become RFLPs. A site 
usually consists of between 4 and 6 nucleotides. Taql 
has a recognition sequence of T/CGA where the division 
occurs between the T and C nucleotides (Maniatis et 
al,1982). After incubation, the recognised sequences 
have been cut to form RFLPs.
Cessation of the digestion process was 
performed by adding;
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2.5ul 0.5M ethylenediaminetetraacetate (EDTA)
lOul 7M Ammonium Acetate
llOul Absolute Alcohol, and then placing the 
samples on ice for 30 minutes (mins). The EDTA acts as 
a chelator toward the Taql enzyme, by inactivating its 
heavy metal component.
Ethanol is used in order to concentrate DNA 
after enzymatic reactions (Crouse et al,1987). Ethanol 
precipitation using Ammonium Acetate is currently the 
most efficient method. Often DNA was left to 
precipitate overnight at -20oC. This is known to 
increase the amount of DNA recovered (Crouse et 
al,1987).
After precipitation, the DNA was microfuged 
for 5mins at room temperature. This created a DNA 
pellet in the bottom of the eppendorf tube. The 
precipitate was removed by pipette, and the remaining 
DNA pellet was resuspended in 15ul TE 20:1 (20M Tris-
HC1, pH7.5) after air drying at room temperature for 60 
mins.
5ul Ficoll/dye buffer was added to each 
eppendorf, and heated for 5mins at 65oC, then placed on 
ice before loading onto the gel. The sample buffer 
contains 0.25% bromophenol blue and 0.25% xylene cyanol 
(Maniatis,et al,1982).
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4.2 LAMBDA MARKERS.
A lambda marker is a molecular weight marker 
which has a specific migration pattern because it 
contains known fragment sizes.
Each gel contained two lambda markers made 
from a combination of a "cold" (nonradioactive) and a 
"hot" lambda. The hot marker was made from Nick 
Translated DNA cut with the HIND III enzyme. The cold 
marker was DNA cut with the HIND III (Pharmacia) and 
HIND III ECO (Boehringer) enzyme. This created a 
standard for DNA fragment sizes, occurring in two lanes 
on the gel. This assisted in the estimation of fragment 
configuration when interpreting the gel results.
Lambda markers were combined for each gel 
using the following formula (two wells):
Enough hot lambda to give 20 counts per
second (cps)
lul cold lambda
lOul sample buffer and dye
make up to 40ul with TE.
This was then heated at 65oC for 15mins, and 
placed on ice until it was ready to be loaded on the 
gel with the other specimens.
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4.3 AGAROSE GEL ELECTROPHORESIS.
The process of gel electrophoresis is used in 
order to identify, purify, and separate DNA fragments 
(Maniatis et al,1982). These fragments are easily 
identified after staining with a fluorescent dye.
A 0.8% agarose gel was prepared for each set 
of samples in order to fractionate the DNA in a linear 
fashion into the required fragment sizes.
Lower or higher percentage of agarose in the 
gels, together with variation in agarose purity, affect 
the degree of fragment separation and migration in the 
gel (Maniatis et al,1982). The molecular size of the 
DNA to be identified is dependent on the gel 
concentration. The amount of electrical current applied 
to the tank is differentially proportional to the 
migration of the DNA. The optimum rate is no more than 
5v per cm (Maniatis etal,1982).
The agarose gel was cast in a perspex mould, 
so that the gel measured approximately 20cm x 20cm, and 
7cm thick. Each gel contained 22 wells, individually 
capable of holding about 25ul of solution.
The gel was submerged in TAE buffer ( 0.4M 
Tris-Acetate, 0.001M EDTA. pH8.0). Submarine loading of 
DNA samples followed, with each gel containing 
approximately 20 samples of DNA and 2 lambda markers,
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all in varying orders, so that the different gels may 
be recognised after autoradiography.
When electrophoresis was commenced, the DNA 
was run out of the wells at 80 volts (v) for 30 mins, 
then the voltage was set at 20v to run overnight.
Completed electrophoresis usually
demonstrated a faint blue line approximately 11cm along 
the gel, evidence of the migration of bromophenol blue 
dye. The gel was then stained with the fluorescent dye 
Ethidium Bromide (70ul of 10mg/ml) for about 20 mins.
Ethidium Bromide intercalates between the 
stacked DNA bases, consequently showing a fluorescence 
compared to the unbound dye in free solution (Maniatis 
et al,1982). Fluorescence is useful in the examination 
of the gel under ultraviolet light. This can give a 
good indication of the success of the DNA digest, and 
the concentration of DNA in the gel.
Once staining was complete, the gel was placed 
over a transilluminator (U-V light source) and the band 
images were photographed using a Polaroid Camera with a 
red filter.
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4.4 SOUTHERN BLOTS.
The Southern Blot technique produces a 
pattern that shows the sizes of the restriction 
fragments.
Southern Transfer involves denaturing the DNA 
in the agarose gel, and then transferring the DNA into 
a nitrocellulose and nylon filter (Genescreen Plus, New 
England Nuclear, Du Pont). The transfer procedure 
maintains the order and size of DNA fragments, while 
the absorption of the fragments onto the genescreen 
membrane immobilises the DNA so that it can be 
repeatedly hybridized with different radioactively 
labelled probes.
The gel blotting follows that described by 
Reed and Mann (1986), after Southern (1975), where the 
stained gel was submerged in 0.25M Hydrochloric acid 
(HCL) for 15 mins, so that cleavage of the large DNA 
fragments can occur. In this case, the DNA was usually 
partially denatured by the transillumination, so the 
HC1 step was reduced to 8-10 mins. The denaturing and 
cleaving process facilitates the transfer of DNA to the 
membrane. A quick rinse in ddH20 followed, then the gel 
was placed on a wick of Whatman (3MM) paper, which was 
soaked and sitting in a bath of 0.4M Sodium Hydroxide 
(NaOH). The genescreen membrane was placed on top of 
the gel and covered with Whatman paper, paper
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towelling, and a small weight. The Southern transfer 
was allowed to continue for a minimum of 6 hours or 
overnight, making sure that the wick was kept moist at 
all times.
Small DNA fragments in 0.8% agarose gel 
should be transferred in about 2 hours, while large 15 
kilobase (kb) fragments require about 15 hours 
(Maniatis et al, 1982). The filter was then removed 
and rinsed in 2xSodium Chloride, 1M Sodium Citrate (SSC), 
0.2M Tris pH 7.5 for 60 secs, and allowed to completely 
air dry. When dry, each filter was individually wrapped 
in polythene film.
4.5 PREHYBRIDIZATION OF FILTERS.
Each Genescreen filter was prehybridized 
prior to hybridization with radioactive probe, to
ooensure that the p labelled probe binds only to the 
DNA fragments in the filter, and not to the entire 
filter.
Prehybridization and Hybridization protocols 
were adapted from Nasmyth (1982). The prehybridization 
solution constituted 15-20mls per bag, which could 
prehybridize up to three filters at once. 
Prehybridization was carried out at room temperature 
for a minimum of 45mins, the prehybridization solution 
being removed from the bag prior to introducing the
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hybridization solution.
The prehybridization solution contains the
following:
92ul denatured sonicated salmon sperm DNA 
(SSD) this gave a concentration of 10ug/ml
9.2ml dd H2O boiled together for lOmins, 
then 10.8mls Nasmyth solution is added.
Nasmyth Solution consists of the 
following: Dextran Sulphate 18.5%
Sarcosine 1.85% in 50mls ddH20 with an 
equal volume of Solution A;
1.1M Sodium Chloride (NaCl)
0.333M di-sodium hydrogen orthophosphate Na2HP0^ 
0.06M EDTA
The Nasmyth Solution was added to the boiled 
SSD and water, gently mixed and then poured into a 
freezer bag containing the filters to be prehybridized.
The solution was gently massaged over the filters so 
that they were thoroughly wet. If any bubbles were 
present, they were squeezed out of the bag before it 
was sealed.
4.6 NICK TRANSLATION OF 32p-LABELLED PROBES.
Cloned DNA (cDNA) probes for DQ beta, DR 
beta, and DQ alpha were used to probe all the filters 
(see Table 1).
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TABLE 1; SOURCE AND DESCRIPTION OF PROBES
P R O B E R E F E R E N C E S O U R C E
D R ß  1 3 0 0 b p  in  p B R 3 2 2 L o n g  e t  a l  1 9 8 2 D r  B M a c h ,
U n i v e r s i t y  o f  G e n e v a
D Q a  5 0 0 b p  in  p B R 3 2 2 S c h e n n i n g  e t  a l  1 9 8 4 D r  D  L a r h a m m a r ,  
U n i v e r s i t y  o f  U p p s a l a
D Q ß  1 2 5 0 b p  in  p B R 3 2 2 L o n g  e t  a l  1 9 8 2 D r  B M a c h ,
U n i v e r s i t y  o f  G e n e v a
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The Nick Translation procedure was undertaken 
using the Amersham Nick Translation Kit, following the
instructions of the manufacturer.
Nick reaction involves the combination of the 
following substances:
0.25 to lug of required probe 
dd H2O to total 50ul
3.3ul each of dTTP, dCTP, dGTP nucleotide
buffers
3ul of ^ p  dATP (radioactive nucleotide) 
5ul Nick Translation enzyme
No more than 0.25ug probe DNA was nicked in 
any one reaction, and 3ul radioactive probe was 
required per 0.25ug of probe DNA.
The Nick Translation kit uses a DNAse enzyme 
which nicks or cuts the DNA. DNA Polymerase then starts 
reproducing the mirror image of the single stranded 
probe of DNA. The buffer contains three of the four
qonucleotide base pairs, while 0 pdATP contains the 
fourth nucleotide. The DNA polymerase continues 
reproducing by removing nucleotides from the 5' end of 
the nick, and replacing them with the buffer 
nucleotides, plus the radioactive dATP. The reaction 
mixture was incubated at 12-15oC for 60mins. Alcohol 
precipitation stopped the reaction. This was achieved
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by adding 2.5ul 0.5M EDTA
25ul 7.5M Ammonium Acetate 
150ul cold Absolute Alcohol.
After a further 30mins on ice, and 
centrifuging for lOmins at 14k rpm, the unincorporated nucleotid 
were pipetted off, leaving a pellet of Nick Translated 
radioactively incorporated DNA probe.
Nick Translation was considered successful 
when the radioactivity, measured in cps, for the pellet 
was higher than the cps for the supernatant. 
Radioactivity was measured using a hand held, end 
window Geiger counter. Maniatis et al (1982) suggest 
30% incorporation is a successful nick, but the usual 
protocol was to go ahead with the Hybridization 
procedure only when 60% or more incorporation was 
achieved. The total cps were measured before removal of 
the supernatant, then counts were compared between 
pellet and supernatant.
After successful incorporation, the Nick 
Translation probe was resuspended in 500ul TE and 
placed on ice for 30mins before being added to the 
hybridization solution. If incorporation was less than 
60%, the probe was discarded. During Nick Translation, 
the whole plasmid containing the probe was used.
4.7 RANDOM PRIMING.
Random Priming is a procedure which is used
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as an alternative to Nick Translation. It uses the cDNA 
clone excised from the plasmid.
The Random Priming procedure is a simpler 
technique than Nick Translation, and seems to have a 
higher rate of successful incorporation. On
interpretation of Random Priming results using the DR 
insert, the DNA band pattern is usually absent at the 
3.9kb site. This affects interpretation of DR4, 
DR7I,III and IV, and Drw9. However, DQ alpha and DQ 
beta probes can confirm these results.
The Random Priming procedure uses a Kit for 
Oligo-labelling of DNA Restriction Fragments ( 
Bresatec) containing the primer and a cocktail of 
nucleotide and buffer. The three steps in the Random 
Priming procedure are as follows:
60-100ng cDNA clone
9ul ddH20 boiled together for 2-3mins, 
then briefly chilled on ice.
Add 15ul nucleotide and buffer cocktail
5ul 32p dATP
lul (5units) enzyme solution from kit 
and place in a water bath at 37oC for 20-30mins.
Alcohol precipitation, testing for 
incorporation, and resuspension occurs as outlined for 
Nick Translation.
4.8 HYBRIDIZATION.
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Once the appropriate probe was radioactively 
labelled by Nick Translation or Random Priming, and 
prehybridization of the filters had been undertaken, 
Hybridization could proceed.
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Hybridization Solution consists of:
115ul SSD
500ul labelled probe 
approx 11ml ddH20 
13.5ml Nasmyth Solution.
According to a modified method adapted from 
Nasmyth (1982), the SSD, ddH20 and labelled probe were 
boiled for lOmins. Nasmyth solution was then added and 
the solution mixed by gently shaking the tube.
In the meantime, the prehybridization 
solution had been removed from the plastic freezer bag, 
so that the hybridization solution could be added. At 
this stage, the filters were kept thoroughly wet, and 
any air bubbles removed from the bag prior to it being 
sealed.
After adding the hybridization solution and 
sealing the bag, the filters were placed in a shaking 
water bath at a temperature of 65oC. Hybridization 
would usually be carried out overnight.
Occasionally hybridization solution was re­
used on another set of filters, if the Hybridization 
fluid was "hot" and there had been a good incorporation 
of the probe. Preparation for re-using hybridization 
solution included boiling the entire solution for a 
further lOmins, then placing in a freezer bag with the 
new prehybridized filters, removing the air bubbles,
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sealing the bag, and again allowing hybridization to 
occur in a water bath overnight.
During the preparation of hybridization 
solution, maintenance of a temperature of 65oC or above 
was important in order to avoid "snapback" of the DNA 
strands (Maniatis et al,1982). Cooling the solution to 
a lower temperature could allow the strands to adhere 
to each other, thus precluding their ability to bind to 
the DNA on the filters.
After hybridization was complete, the filters 
were removed from the bag, and washed sequentially in:
2x SSC, 0.1% sodium dodecyl sulphate (SDS) 
for 5mins at room temperature
lx SSC, 0.1% SDS for 30mins at 65oC 
0.5x SSC, 0.1% SDS for 5-30mins at 65oC.
The 0.5%x SSC wash was variable in time, 
depending on the amount of radioactivity remaining on 
the filter. A rate of 5-10 cps or less required a 5min 
wash in order to remove any background radiation. The 
washes continued until a rate of 5cps or less was 
achieved.
Filters were then briefly air dried, but 
never allowed to dry out completely. Wrapping in 
polythene film followed in preparation for 
autoradiography.
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Throughout the Nick Translation, Random 
Priming, Hybridization and washing procedures, the 
principles in relation to management of radioactive 
material were observed in accordance with the ANU 
Radiation Safety guidelines (1976).
4.9 AUTORADIOGRAPHY.
The wrapped filters were mounted on a used 
piece of X ray film, and an undeveloped piece of Fuji X 
ray film was placed inside the autoradiocassette. Each 
cassette contained a Lightning Plus intensifying screen 
(Du Pont), which acts to increase the sensitivity of 
the undeveloped film (Maniatis et al,1982).
The cassette was placed in a -70oC freezer 
for 5-7 days. Placing the autoradiograph cassette in 
the freezer increases the sensitivity of the X ray film 
because it prolongs the fluorescence of the photons
o oreleased by the decay of the p (Maniatis et al,1982).
When retrieved, the cassette was taken to a 
dark room, where the unexposed film was developed in a 
Kodak X-OMAT M20 automatic film developer. The film 
could then be labelled, dated, and recorded, ready for 
interpretation.
Autoradiography is a method by which the 
positions of DNA bands on the filter, complementary to 
the radioactive probe can be located. This method is
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useful because it allows the filters to be reused (the 
DNA is not destroyed), it gives a higher resolution, 
and it is more sensitive than other methods of DNA band 
detection, such as liquid scintillation spectroscopy 
(Maniatis et al, 1982).
4.10 REHYBRIDIZATIONS.
Once hybridization and autoradiography were 
complete, the probes could be stripped from Genescreen 
filters using the following method:
O.lx SSC, 0.1% SDS boiled, then placed in 
a plastic container with the unwrapped filters.
Washed for 15 mins in a shaking water 
bath, then allowed to cool to room temperature. This 
procedure was repeated once more, then the filters were 
rinsed briefly in a solution of O.lx SSC.
Filters can then be blotted dry between 
sheets of Whatman paper, and wrapped in polythene 
film. Probe removal meant that filters could be 
successfully re-hybridized many times with different 
probes.
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4.11 INTERPRETATION OF RESULTS.
Autoradiograph results were interpreted by 
pattern recognition in comparison with known -DR types 
for DR beta, DQ beta, DQ alpha Taql bands. Appendix 1 
contains a crib sheet of known -DR types used in this 
work.
Standard size lambda markers which had been 
run in each gel also gave accurate comparisons for 
fragment sizes in each autoradiograph. Measurements 
were made in kilobase sizes. A kilobase is a molecular 
length represented by 1,000 nucleotide base pairs.
76
CHAPTER 5
4.12 GENETIC DISTANCE MEASUREMENT
The allele frequencies from the Coen, 
Kimberley, (including Kalumburu and Mowanjum samples), 
and Haruai populations were compiled alongside allele 
frequencies from the Hagahai, Madang, Goroka and New 
Caledonia populations mentioned in section 3.3.
These eight population groups were then 
analysed using the BIOSYS 1 A Computer Program for the 
Analysis of Allelic Variation in Genetics. (Swofford 
et al 1981). The Biosys program is specifically 
designed for the analysis of polymorphic genetic loci. 
The functions used in this analysis were the 
calculation of F statistics, cophenetic variation and 
the application of these statistics to a phylogenetic 
tree, the Wagner Tree (Farris 1972). The "F" 
calcuation is the fixation index between pairs, 
calculated as a measure of genetic distance.
Figure 2 is the representation of the Wagner 
Tree, which has been rooted at the midpoint along its 
longest path. The total length of the tree is 19.862, 
measured as the sum of the branch lengths divided by 
the individual branch lengths of the tree. Each branch 
length is calculated by the phenetic difference between 
the two nodes which form the endpoints of the tree 
branches. (Farris 1972).
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Calculation of tree length involves 
calculating phenetic distances between Operational 
Taxonomic Units (OTUs) in order to gain each branch on 
the tree. The number of calculations represents each 
branch. The advantage of the Wagner tree is that it 
uses the principle of parsimony to calculate an 
evolutionary tree without assuming homogeneous rates of 
evolutionary divergence. It also utilizes equations 
which are more feasible for large sets of data (Farris 
1972).
The equation which estimates the phenetic 
distance (D) between branch nodes is as follows: 
D(A,B)=i|x(i,A)-x(i,B)|, 
where A and B represent the nodes, and x(i,A) 
is the index (i) of the known value x(A) of the node,
ie the RFLP type in this case. The calculation of
phenetic distances for all the nodes is combined to
form a set of OTUs which can be used to calculate the 
length of the Wagner tree.
The "Prevosti distance" tabulated in Table 10 
is the measure of distance for a single locus. The 
calculation performed for this data used the following 
formula:
Dl= 0 . 5 g k |qx-qy |
after Prevosti, cited in Wright (1978). The formula 
calculates half the sum of the absolute differences 
between the allelic frequencies of the populations. The
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formula given is the example for two populations qx and 
q^, and is the simplest measure of genetic 
distance (Wright 1978). The Biosys 1 package calculated 
genetic differences between all possible pairs among 
the nine populations.
The cophenetic correlation is a measure of 
genetic kinship. The accuracy of a kinship matrix is 
represented by the cophenetic coefficient ideally being 
1, with the value decreasing as the kinship matrix 
becomes less accurately presented (Keats 1977). When 
only one locus is studied, the coefficients are 
expected to approach unity. The D locus in the samples 
analysed in this study gave a cophenetic coefficient 
of 0.971.
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CHAPTER 5 ALLOGENOTYPING RESULTS
All of the Haruai, Pinai, Coen and Kimberley 
material was digested with the Taql enzyme. The results 
of these groups, outlined below, reflect Taql digest 
results alone.
5.1 AUSTRALIAN ABORIGINES
The HLA-DR type Distribution for all the 
Aboriginal groups studied here is displayed in Table 2. 
The Kimberley groups are treated in two ways within 
Table 2. The two settlements are included separately, 
and the combined data for the two groups are 
summarised under the Kimberley column. The two tribal 
groups in the Coen area are combined throughout, since 
there is no tribal differentiation noted between them.
The Aboriginal material in general shows a
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high frequency of DRwl4(Dwl6) subtype, DRw4, Drw8,and 
Drw8(Ml). Altogether, the DRw8 types comprise 29.5% of 
the Coen alleles and 32.4% of the Kimberley alleles.
5.1.1._____COMPARISON_____OF_____KIMBERLEY_____AND
COEN GROUPS
The DR2(Dw2) allele is present in both 
Kimberley and Coen groups at similar frequencies of 
11.4% and 9.8% respectively (Table 2). The KAS11 
subtype of DR2 appears heterozygously in one Coen 
individual giving an overall distribution in that area 
of 2.3%. Kasll is not seen in the Kimberley 
populations. Conversely, the DR2(Dwl2) subtype is 
present only in the Kimberley region (0.9%) and not in 
Coen.
DR4 is present in similar frequencies in both 
regions. Coen has a DR4 frequency of 22.8% and 
Kimberley 20.6%.
The DRw6 types are also in high frequency in 
both areas. DRw6(wl4) subtype is the least common, 
occurring at 4.5% in Coen and 8.8% in Kimberley. 
DRwl4(Dwl6) occurs at a frequency of 20.5% in Coen and 
27.5% in the Kimberley.
The Kimberley and Coen results are most 
clearly contrasted in the comparison between four 
alleles which are present in the Coen sample, but
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absent from the Kimberley one. Each of these allotypes 
have a frequency of 2.3% in the Coen population. These 
are DR5I, DR5N , DRw6(wl4.3) and DRw6(wl8), 
representing one occurrence each.
DR5I and DR5N are the same allogenotypes as 
described in the PNG data. The DRw6(wl4.3) allogenotype 
is characterised by a DR beta/12kb fragment. This 
differentiates it from the (Dwl6) subtype which has a 
DR beta /10kb fragment with common 6.8kb,4.4kb 
fragments and DQ beta/5.5kb, DQ alpha/5.0 fragments. 
The DRwl4(Dwl6) allogenotype for the DR beta probe can 
be seen in Figure 3. The (wl8) subtype is seen in the 
presence of DR beta/10kb,6.8kb,4.4kb and 2.5kb 
fragments and a DQ alpha/6.8kb, plus DQ beta/3.Okb 
pattern.
Similar frequencies between the Coen and 
Kimberley samples are found in the DRw8 and DRw8(Ml) 
allogenotypes. Coen has a frequency of 9% for DRw8 , 
while the Kimberley frequency is 10.8%. The DRw8(Ml) 
allele is frequent in both, 20.5% in Coen and 21.6% in 
Kimberley. Figure 3 shows examples of the DRw8 and 
DRw8(Ml) allogenotypes.
86
CHAPTER 5
5.1.2_____COMPARISON_____OF_____MOWANJUM_____AND
KALUMBURU SETTLEMENTS
Table 2 also provides comparisons in HLA-DR 
distribution for the two Kimberley settlements.
The DR2(Dw2) subtype is more prevalent at 
Kalumburu (15.4%) than Mowanjum (4%).
DR4 is more common in Mowanjum, at 26%. 
compared with 15.4% at Kalumburu. The two groups have 
similar DRw6(wl4) distributions, and a very high 
incidence of DRwl4(Dwl6).
The Kalumburu settlement has a DRw8(Ml) 
subtype frequency of 32.7% compared to 10% at Mowanjum. 
The DRw8 subtype is similar at 10% for Mowanjum and 
11.5% for Kalumburu.
Overall, the two settlements provide very 
similar allogenotype patterns of distribution from 
almost identical population numbers. The similarity of 
the results clearly justifies the combination of the 
two groups for comparison with other more distant 
populations.
Gene frequency tabulations are presented 
between all the Aboriginal groups in Tables 3,4 and 5.
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Table 4: GENF, FREQUENCIES: COEN COMPARED TO 
KIMBERLEY SUB-GROUPS
POPULATION COEN MOWANJUM KALUMBURU
S u b j e c t s  t e s t e t 2 2 2 5 2 6
HLA-D
D R 2(D w 2) 0 . 1 1 3 0 . 0 4 0 0 . 1 5 4
DR2K A S 11 0 . 0 2 3 0.000 0.000
D R ( D w l 2 ) 0.000 0.000 0 . 0 1 9
DR4 0 . 2 2 7 0 . 2 6 0 0 . 1 5 4
DR51 0 . 0 2 3 0.000 0.000
DR5N 0 . 0 2 3 0.000 0.000
D R w 6 ( w l 4 ) 0 . 0 4 5 0 . 0 8 0 0 . 0 9 6
D R w l 4 ( D w l 6 ) 0 . 2 0 5 0 . 4 2 0 0 . 1 3 5
D R w 6 ( 1 4 .3 ) 0 . 0 2 3 0.000 0.000
D R w 6 ( w l 8 ) 0 . 0 2 3 0.000 0.000
D Rw 8 0 .0 9 1 0 . 1 0 0 0 . 1 1 5
D R w 8 ( M l ) 0 . 2 0 5 0 . 1 0 0 0 . 3 2 7
Table 5 : COMPARATIVE GENE FREQUENCIES IN THE KIMBERLEY 
AND COEN REGIONS
POPULATION KIMBERLEY COEN MOWANJUM KALUMBURU
N
HLA-D
5 1 2 2 25 2 6
D R 2 ( D w 2 ) 0.098 0.113 0 .040 0 . 15 4
DR2KAS 11 0.000 0.023 0.000 0.000
D R ( D  w l 2 ) 0 .010 0.000 0.000 0 .019
DR4 0 .206 0.227 0 .260 0 . 1 54
D R 5 1 0.000 0.023 0.000 0.000
5 N 0.000 0.023 0.000 0.000
DR w 6 ( w l 4 ) 0 .088 0.045 0 .080 0 . 09 6
D R w l 4 ( D w l 6 ) 0.275 0.205 0 .420 0 .135
D R w 6 ( 1 4 . 3 ) 0.000 0.023 0.000 0.000
DR W 6 ( w l 8 ) 0.000 0.023 0.000 0.000
DR w8 0 .108 0.091 0 . 100 0 .115
D R w 8 ( M l ) 0 .216 0.205 0 . 100 0 .327
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5.2 HARUAI AND PINAI
The Haruai and Pinai allele frequencies are 
summarised in Table 6. The Haruai show a high frequency 
of the KAS11 subtype of DR2 which has a characteristic 
DR beta RFLP pattern of a 15 kilobase (kb) fragment, 
with further fragmnets of 4.4kb and an intense triplet 
at 2.2,1.7 and 1.5kb's. KAS11 can also be discriminated 
from other DR2 subtypes by the presence of a DQ 
alpha/6.2kb fragment and a DQ beta/5.5kb fragment. 
These fragments can be seen in Figure 4, together with 
the DR2(Dw2) subtype. The Pinai, in contrast, had no 
KAS11 subtypes at all.
The DR2(Dw2) subtype is present in both the 
Haruai and Pinai at 31.6% and 20% respectively. The DR2 
(Dw2) subtype differs from KAS11 in that it has a DR 
beta/12kb, 5.5kb, 4.4kb, 2.2kb and 1.7kb and a DQ 
alpha/6.2kb pattern.
The pattern of the DR4 type is 
characteristically a 15kb, 5.8 and 5.2kb couplet, 
3.9kb, 3.6kb and 2.8kb RFLP pattern on the DR beta 
probe. The DQ alpha probe reveals a 5.7kb with the 
monomorphic 3.8kb fragment, while at DQ beta there is 
no specific fragment pattern. The Haruai and Pinai 
groups show a frequency of 12.2% and 10% respectively
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Table 6: HLA-DR DISTRIBUTION IN THE HARTJAT AND PINAI
H LA -D HARUAI  
N  %
P I N A I
N  %
D R 2 (w2) 3 1 3 1 . 6 2 2 0 .0
D R 2 KAS11 3 8 3 8 . 8 0 0 .0
DR4 1 2 12 . 2 1 1 0 .0
DR51 1 3 13.3 0 0 .0
D R w 6 ( w l 4 ) 1 1.0 5 5 0 .0
D R w 8 1 1.0 2 2 0 .0
D R w 8 ( M l ) 2 2 . 0 0 0 .0
S u b je c ts  T es ted 4 9 5
MI: Melanesian variant
N: Number of alleles
4 • } t> ^ ° \ o f Tocjl d ijs t^d bMA in
ttfrvml sarvijto.
DR£
»
i
:m
#  5 -8
m  1 -
#  2-2 
#  « 1-7
1-5
kasu, kasnkasu, kasii,kasn
Dw2 Dw2 ^ 2
DGtP>
6-7 
5-5
4-6 
3*5
DQ^k
6-2
5-7 
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for the DR4 type.
DR5I was only present in the Haruai, with a 
13.3% frequency. The DR5I subtype is characterised by 
a RFLP pattern containing 12kb,6.Okb,4.2kb fragments in 
DR beta and a 5.0kb DQ alpha fragment. No other DR5 
types were observed in the Western Schrader groups. 
The DRw6 (wl4) subtype is present in both groups, at 
frequencies of 50% amongst Pinai and 1% amongst Haruai 
alleles. The DRw6 (wl4) subtype displays a DR 
beta/12kb, 6.8kb, 4.2kb, 2.5kb pattern with a DQ 
alpha/2.9kb fragment and a 5.5kb on DQ beta, -
The DR types for the 8 pattern are classified 
into three subgroups: DRw8, DRw8(Ml),and DRW8(M2). DRw8 
and 8 (Ml) are present in the Haruai and DRw8 in the 
Pinai.
The DRw8 pattern found in these groups 
consists of a DR beta/8.5kb, and a DQ alpha/6.8kb with 
no specific DQ beta fragments. This is considered to be 
a characteristically Polynesian variant of DRw8 
(Serjeantson et al,1987). DRw8(Ml) is a subtype of DRw8 
seen in Melanesians. It is recognised by a DQ 
beta/5.5kb pattern and a DQ alpha /6.8kb fragment, 
together with the characteristic DR beta/8.5kb 
fragment. DRw8(M2) is another Melanesian subtype, 
recognised by DQalpha/6.2kb and present in PNG 
Highlanders (Serjeantson et al,1987). Two percent of 
the Haruai and zero Pinai exhibited the DGw8(Ml)
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subtype, while 1% Haruai and 20% Pinai had the 
Polynesian DRw8 type.
Gene frequencies for all the Haruai and Pinai 
DR types are summarised in Table 7. In this table, the 
DRw8 and DRw8(Ml) data are pooled. The small number of 
Pinai subjects has prompted their exclusion from the 
comparative data presented in Table 8, and from the 
genetic distance analysis. They have not been combined 
with the Haruai because of their apparent genetic 
differences, although as noted in Chapter 2, culturally 
and linguistically, they are very similar groups.
The Pinai data show that every individual is 
heterozygous for the DRw6(wl4) allele. The gene 
frequency (Table 7) is 0.5 for this group, as opposed 
to 0.01 for the Haruai. The Hagahai (table 9) have a 
gene frequency of 0.299 for this allele, and Madang 
0.05. On the evidence of this allele alone, it can be 
seen that the Hagahai and Pinai have some allelic 
similarities, consistent with Bhatia et al' s (1989) 
view that the Pinai are part of the larger Hagahai 
family.
The Pinai and Haruai samples differed in the
absence amongst the Pinai of DR5 alleles, and the
DR2(KAS11) subtype. The absence of KAS11 in the
admittedly small Pinai sample is particularly 
interesting because of the recognised prevalence of 
KAS11 in PNG coastal people together with its
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predominance in the Haruai, and neighbouring Hagahai 
(Jazwinska,et al,1989, Tables 8,9). Otherwise, similar 
allele distribution was evident between hinterland and 
coastal groups.
Clearly, a sample size of 5 is inadequate for 
the formation of any firm conclusions. The Haruai and 
Pinai comparison, summarised in Tables 6 and 7, simply 
indicates the need for more Pinai data so that 
substantial differences in allele distribution (if they 
exist) can be more comprehensively explored.
5.3 OTHER MELANESIAN GROUPS
Comparisons between coastal, hinterland and 
highland Melanesians are summarised in Table 8. The
results on the Haruai are compared with other
published and unpublished data described in Chapter 2.
The DR1 allele does not occur in any of the
PNG groups.
The Haruai have a high frequency of DR2(Dw2) 
RFLP most similar to Goroka (29.7%), and least 
like the coastal Madang population (2.5%). Jazwinska et 
al (1989b) found that 18.6% of the 62 Hagahai studied, 
were genotyped at DR2(Dw2).
The DR2(Dwl2 ) and DR2(AZH) RFLP subtypes are 
not present in either of the hinterland 
(Haruai,Hagahai) populations. Madang and Goroka have a 
Dwl2 frequency of 10% and 13.5% respectively while the
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New Caledonian subjects have a 7.4% frequency. Madang 
is the only area in Melanesia where the (AZH) subtype 
has been observed.
The DR2 (Dw2) and KAS11 patterns are the most 
common DR types in the Western Schrader populations 
studied. Jazwinska et al (1989b) also found the DR2 
type to be the most common allele among the nearby 
Hagahai. Of these DR2 types, 65% were the KAS11 
subtype.
This subtype has not yet been found in 
Melanesians from the PNG Highlands, New Caledonia, 
Polynesians, or Micronesians from Nauru (Jazwinska et 
al 1989b). Coastal PNG individuals do show the KAS11 
subtype on RFLP analysis. The Madang series included in 
Table 8 gives a frequency of 30%, while Hill and 
Serjeantson (1989) noted that KAS11 occurred in 52% of 
DR2 samples from the coastal areas of PNG.
The DRw4 type is present in similar 
frequencies in the Hagahai and Haruai and least common 
in the Madang series. The Highland groups show a 
frequency of 9.5% which is closer to the 12.2% Haruai 
and 12.9% Hagahai.
DRw5I shows a broad range of frequencies. The 
Madang group has the highest frequency at 60% , and the 
Hagahai the lowest at 1.6%. The Hagahai contrast 
sharply with the 13.3% of the Haruai. The PNG Highland 
group stands roughly midway between the Hinterland
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peoples.
The DR5N (Nauru) antigen is present only in 
New Caledonia in this survey. The DR5N is
characterized by a DQ beta/10, and 4.4kb bands and was 
first discovered in Micronesians from Nauru 
(Serjeantson et al,1987).
The DRw6(wl4) subtype occurs at the low 
frequency of 1% in the Haruai. The Hagahai show a 
DR6(wl4) distribution of 29.9%, while the Highland 
group displayed a frequency of 33.8%. The coastal group 
is closer to the Haruai at 5%, while New Caledonia has 
a frequency of 18.5%.
The Polynesian DRw6 only occurs in New 
Caledonia of the groups compared in htis work. This 
variant is differentiated from the (dwl4) subtype by 
the presence of DQ alpha/3.8,2.9kb fragments 
(Serjeantson et al,1987). The DRwl4(Dwl6) subtype also 
occurs in only one group, the Hagahai, at a frequency 
of 0.8%. The DRwl4(Dwl6) is differentiated from the 
DRw6 type by the presence of a DR beta/10kb fragment 
(Serjeantson pers. comm).
DRw8(Ml) and (M2) are seen in the Hagahai, 
the PNG Highland group and the New Caledonian 
population. The coastal Madang group has only the DRw8 
type, the same as the Pinai, and the Haruai 
demonstrates both DRw8(P) and DRw8(Ml) subtypes.
DRw9 has only been genotyped in the coastal
99
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area of PNG in this survey.
Gene frequencies for these groups 
summarised in Table 9.
are
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Table 9; GENE FREQUENCIES IN FOUR PAPIJA NEW GUINEA GROUPS AND 
NEW CALEDONIA
POPULATION
H LA -D
GOROKA H A G A H A I H A R U A I MADANG NEW
CALEDONIA
S u b jec ts  te s ted 37 62 49 40 27
DR1 0.000 0.000 0.000 0.000 0.019
DR2 (Dw2) 0.297 0.186 0.316 0.025 0.185
DR2 (D w l2) 0.135 0.000 0.000 0.100 0.074
DR2 (AZH) 0.000 0.000 0.000 0.012 0.000
DR2 KAS11 0.000 0.339 0.388 0.150 0.000
DR4 0.095 0.065 0.122 0.037 0.055
DR w 5 1 0.054 0.008 0.133 0.600 0.259
5 NAURU 0.000 0.000 0.000 0.000 0.019
DRw6 (w l4 ) 0.338 0.299 0.010 0.050 0.185
DRw6 (P) 0.000 0.000 0.000 0.000 0.037
D R w l 4 ( D w l 6 ) 0.000 0.008 0.000 0.000 0.000
DR w8 0.000 0.000 0.010 0.012 0.000
D R w 8 ( M l ) 0.041 0.073 0.020 0.000 0.130
D R w 8 ( M 2 ) 0.041 0.024 0.000 0.000 0.037
DRw9 0.000 0.000 0.000 0.012 0.000
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5.4 GENETIC DISTANCE RESULTS
The methods used for calculating genetic 
distance have been described in section 4.12.
The Wagner tree (Figure 2) represents the 
most parsimonious calculation of phylogenetic distance 
between the alleles detected in the eight sample 
groups. The tree clearly differentiates between the 
Aboriginal and Melanesian groups in branch lengths and 
root distances. The Aboriginal samples from the Coen 
area are more similar to the Kalumburu sample than the 
Mowanjum sample. The Aboriginal groups are far removed 
on the Wagner tree from all the Melanesian groups. 
The Melanesian samples show similarities between the 
Haruai, Goroka (PNG Highland) and Hagahai groups. 
Madang is far distant from the other groups, and the 
New Caledonia is seento be more closely related to the 
Madang group than any other.
The kinship matrix measurement for cophenetic 
correlation is also included in the Wagner diagram. The 
genetic kinship measure of cophenetic correlation is 
found to be 0.971, representing a closely related set 
of data, although the coefficient measured at one locus 
should be close to 1.
The Prevosti distance calculated in Table 10 
compares the distances at a single locus between 
population sample groups. In this Table, the distance
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calculations show that the most distant groups are 
Madang and Coen, whereas the closest measurement of 
distance (2.570) occurs between Kalumburu and Coen. The 
Kalumburu data is also far from Madang in genetic 
distance (8.558). The Goroka (Highland) sample is 
closest to New Caledonia (3.684), and the Haruai are 
most closely related to the Hagahai sample. The 
Prevosti calculations place the Haruai quite distant 
from the Aboriginal groups and closer to Goroka than 
New Caledonia.
As in the Wagner Tree, the Aboriginal groups 
are seen to be more closely related to each other than 
the Melanesians. The Western Schrader groups are also 
seen to be more closely related to each other than the 
Madang or New Caledonia groups.
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CHAPTER 6. DISCUSSION.
6.1 OVERALL REVIEW OF RESULTS.
The allogenotyping and subsequent genetic 
distance techniques, used on the small number of 
samples in this study, produce results which indicate 
that the Non Aostronesian (NAN) speaking Melanesians of 
PNG are genetically quite distant from the Australian 
Aborigine. Further, the Aborigines demonstrate more 
polymorphism than the Haruai and highland groups.
The Aborigines showed three DR2 subtypes, 
while the Haruai and Hagahai demonstrated only one DR2 
subtype, (Dw2). The Goroka group had an additional 
subtype DR(Dwl2). There is also more variation in the 
DR5 alleles in the Aborigines while the PNG hinterland 
and Highland groups demonstrated only one DR5 type. 
Similarly, the DR6 type was far more polymorphic in the 
Aborigines, being present in four subtypes, as opposed 
to two subtypes in the PNG groups. The DRw8 subtypes 
were well represented in the Aboriginal data both in 
allele frequency, and in number of subtypes. The PNG 
groups showed small frequencies of two DRw8 Melanesian 
subtypes.
The data provided in distribution tables 4 
and 6 show that the Aboriginal and PNG groups studied 
share a total absence of the common European DR1 and 
DR7 alleles. High frequencies of the DR2 subtypes are 
shared as is the presence of DR4 in small to moderate
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amounts, while the DRw8 subtypes are represented in 
both groups.
The differences lie in the high frequency of 
DRw6 and DRw8 subtypes present in the aborigines, and 
the reduced variety of alleles in the PNG highland and 
hinterland groups.
The aborigines from inland Cape York and 
coastal Kimberley are more closely related to each 
other than either is to Melanesians. This is 
demonstrated in the Wagner Tree and the Prevosti 
Distance calculations.
The technique of RFLP allogenotyping in 
preference to serological typing, has been useful 
because it has been able to show differences where 
there are apparent similarities. For instance, the 
serological specificity DRw6 is a commonly occurring 
antigen in both Australian Aborigines and Melanesians. 
This study has shown that at the molecular level, the 
DRw6 associated alleles are different in the two 
populations. Similarly, heterogeneity associated with 
DR2 was found to be population specific.
6.2 COMPARISON WITH BIOLOGICAL AND LINGUISTIC DATA
The interrelationship of linguistic, 
anthropometric, genetic blood marker and serological 
data has indicated a possible ancient relationship
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between the Australian Aborigines and the New Guinean 
peoples, particularly those from the highlands. For 
example, Serjeantson (1985) found that the Australoid 
genome was actually a subset of the Papuan genome. 
Specifically, the Australoid HLA serology profile 
appears to be overlaid by some Papuan elements in the 
New Guinea highlands. This indicates some connections 
between Australia and New Guinea as evidenced by 
linkage disequilibrium. The genetic blood marker 
distribution of Gc in New Guinea and Australia 
indicates the allele was either brought by migrations 
of Austronesian (AN) speakers or was mixed with the 
existing populations who later adopted AN languages 
(Serjeantson et al. 1983a., Kirk 1983). Wurm (1983) 
reviews the history of Sahul land (the former land mass 
containing Australia and New Guinea), in the context of 
language migrations, suggesting the earliest languages 
spoken in New Guinea were Australoid languages which 
are still spoken by Australian Aborigines .
A review of the PNG data shows that the 
differences between coastal and highland groups 
observed in the linguistic, serological, and blood 
marker literature are persistent in allogenotyping. The 
Goroka sample shows itself to be closest to the 
hinterland Haruai and Hagahai samples than the coastal 
Madang samples on the Wagner Tree (Fig.2). The 
measurement of Prevosti Distance places the Madang and
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Goroka samples further apart than the Goroka and 
Haruai, and the Madang sample closest to the Haruai 
(Table 10). The comparison of PNG results between the 
highland and hinterland samples shows more similarity 
between the Hagahai and Goroka than the Haruai and 
Goroka, although the Haruai and Hagahai, who inhabit 
neighbouring territories at the same altitude, are the 
two most similar PNG groups in the Prevosti Distance 
measurement. The gene frequencies and distributions in 
Tables 8 and 9 reflect the Prevosti Distance and 
Wagner Tree results.
The differences in allogenotype frequency and 
polymorphism between coastal, hinterland and highland 
groups may be an example of differences experienced 
from the three waves of language migration in PNG 
hypothesised by Wurm (1983). The first Papuan migration 
moved across the whole of New Guinea and overlaid the 
existing Australoid language, the speakers of whom 
migrated towards Australia. The second wave also spread 
through most of New Guinea and overlaid the languages 
of the first wave , and the third wave overlaid the 
second wave. The current language phyla in PNG contain 
remnants of ancient languages from these migrations. 
The Sepik-Ramu phylum, containing the languages used by 
the hinterland groups, shows influences from the third 
or main Papuan migration, which also spread into Timor 
and surrounding areas. This view of language migration
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would not be disproved by the Australian and PNG 
genotyping results presented in this work. The Wagner 
and distance measurements show the Kimberley groups 
closer to Goroka and Hagahai than Haruai and furthest 
from Madang. The Kimberely and Coen data are most 
similar to New Caledonia. In PNG, the Aborigines from 
Coen compare most favourably with the Hagahai, then 
Haruai and Goroka. Again, Madang is most genetically 
distant from the Aborigines.
Within Australia, the Aborigines genotyped 
were clearly clumped together both in the Wagner Tree 
and Prevosti Distance measurement. Between these sample 
groups there is more similarity with the Coen samples 
and either Kimberley groups than between the Kimberley 
groups themselves. The Prevosti measurement between 
Coen and Kalumburu, the most northern Kimberely 
settlement, is 2.570. The Prevosti Distance between the 
Mowanjum and Kalumburu is 3.915.
Comparison of allele frequencies and 
polymorphism between the Aboriginal groups shows high 
distributions of the same alleles in all groups, these 
are DR4, DRwl4(Dwl6), and DRw8(Ml). The DR2 alleles 
showed a moderate frequency in DR2(Dw2), whereas the 
two DR2 subtypes, KAS11 and (wl2), occurred in one 
individual each for Coen and Kimberley respectively. 
The overall DRw8 incidence in all three Aboriginal 
groups confirmed serological data representing DRw8 as
110
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the most common Aboriginal allele (Hay et al. 1984).
One possible explanation for the similarities 
observed between the Coen, Kalumburu and Mowanjum, and 
the Haruai and Hagahai is gene flow between the 
populations, from migration and intermarriage, or from 
a common ancestry, or from both.
The observation by Brace (cited in Kirk 1981) 
of a clinal distribution in tooth size extending from a 
smaller size in Cape York and increasing in size 
further south led to the hypothesis of gradual 
penetration southward of genes for smaller tooth size. 
Metrical analyses on cranial traits also observed 
varying skull sizes consistent with clinal variation 
from the north to the southern parts of Australia (Kirk 
1981). This anthropometric evidence does not contradict 
Wurm's (1983) theory of language waves through New 
Guinea and the spread of Austronesian languages into 
Australia. The evidence of linkage disequilibrium as 
evidenced by genetic blood markers also confirms this 
hypothesis.
6.3 NEUTRALITY-SELECTION.
The RFLP data presented in this work also 
indicates similarities in allele types, with different 
degrees of frequency in the Australian and PNG groups. 
The presence of quite different alleles , for example 
DRwl4(Dwl6) in the Aborigines and KAS11 in PNG may
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represent variations from separation over time. 
Nei (1985) suggests that the time of genetic divergence 
in evolution is usually much earlier than the 
bifurcation of the population. The reduction in 
population size also contributes to an increase in 
genetic distance. Nei holds the common view that 
isolated populations show increased genetic distance 
from other populations, usually as a result of gene 
differences from isolation and genetic drift. 
Conversely, gene migration has the opposite effect of 
isolation in that it can reduce the genetic distance 
between populations.
The isolation of populations through time 
creates genetic differences such as those seen in the 
polymorphisms of the PNG and Australian Aborigines in 
this study. Nei (1985) cites Australian Aborigines and 
Papuans as a case in point where isolation and genetic 
drift create genetic distance between pairs of tribal 
groups. In this instance, the use of a phylogenetic 
tree, in Nei's (1985) opinion is accurate in 
evolutionary terms only when accompanied by a distance 
matrix, such as the Prevosti Distance measurement.
Crow (1985) discusses the possibility of 
molecular polymorphisms and evolutionary changes as a 
result of mutations which are almost neutral in their 
effect. The Neutrality-Selection theory, first 
described by Kimura in 1968 (Crow 1985) outlines how
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evolutionary changes and molecular polymorphisms are 
mostly due to mutations which are almost neutral in 
their effect on natural selection. The random fixation 
of deleterious alleles or mutations in the genome are 
balanced by a change in frequency of existing alleles 
or by natural selection of advantageous mutants.
Serjeantson (unpub) suggests Neutrality- 
Selection as possibly acting as a protective genetic 
agent against disease, and Hedrick et al. (1983)
recognise the importance of balancing selection 
potentially as a protection from pathogens. Further 
research into HLA antigens and their disease 
associations should contribute to this argument. 
Currently, no specific ralationships have been observed 
in the PNG populations, as seen in the study on tinea 
imbricata (Jazwinska et al 1989b). The presence of high 
frequencies of KAS11 in the hinterland groups, and the 
(Dwl6) subtype in the Australian groups are two 
examples of rare alleles in high frequencies within 
populations. Further research could be conducted into 
the possibility of balancing selection in favour of 
these alleles, demonstrated by their role in resistance 
to disease or infection.
The confirmation of Neutrality-Selection in 
this instance is seen in the reduced polymorphism noted 
in PNG highland and hinterland groups, and less so in 
Aborigines. The particular advantage of RFLP
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allogenotyping is evidenced in the ability of this 
technique to distinguish subtypes on the -D locus so 
that further genotyping data is available for research 
into HLA and disease associations.
6.4 THE DRwl4(Dwl6) ALLELE.
The Aboriginal groups were found to have a 
very high frequency of the DRwl4(Dwl6) subtype. This is 
a RFLP allogenotype rarely found, if at all, in the 
Pacific, Asian or European areas, and only recently 
described at the 10th International Histocompatibility 
Workshop, 1989 (Serjeantson pers. comm). In the 
Workshop, this RFLP type was seen only in Amerindians.
The advent of this unexpected allogenotype in
the Aboriginal populations has created shortcomings in
the RFLP typing of this work. The use of only one
restriction enzyme, Taql, has meant the RFLP results
cannot be absolute in the detection of polymorphic
variation, between DRw6 and DR3. The use of another
restriction enzyme, Bam HI, would provide confirmation
of the differentiation of the (Dwl6) from DR3. Bam HI-
39digested DNA, hybridized with a p labelled probe for 
DQ beta, would show the BAM\DQ alpha\5.0 kb fragment 
seen in (Dwl6).
On the other hand, it remains very likely 
that the Aboriginal subtype is DRwl4(Dwl6) and not DR3 
since DR3 is common in Caucasian RFLP types, together
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with DR1 and DR7. None of the Aboriginal subjects 
demonstrated a DR1 or DR7 allogenotype.
The reasonable assumption to be drawn from 
these findings is that the DRwl4(Dwl6) subtype is 
probably of the rare Amerindian type. Additionally, the 
finding that Australian Aboriginal groups studied 
showed no evidence of admixture from European types, 
confirms Blake's (1979) blood genetic marker findings 
in which he stated the Mowanjum were of "full blood".
Future improvements in the new science of 
sequencing genomic DNA will also help to more 
accurately determine polymorphisms where subtypes are 
difficult. Currently, RFLP allogenotyping provides a 
short cut to distinguish sequence variants without 
knowing in full what the sequences are.
The evolutionary ramifications of finding a 
remnant allogenotype in such distant populations as 
Australian Aborigines and Amerindians could be 
interpreted in terms of the concept of centrifugal or 
stasipatric speciation as reviewed by Groves (1989). In 
essence centrifugal speciation is characterised by the 
more derived populations, (those with more evolved 
characters) of a species residing at the centre of the 
distribution, and the more primitive versions (that is 
those with less derived characters) residing at the 
edge of the distribution. This is considered by Groves 
(1989) to be the most parsimonious origin for
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speciation. In this instance the centrifugal speciation 
argument would suggest that the Aborigines and the 
Amerindians would constitute the populations on the 
edge of the range, therefore having fewer derived 
characters than the centrally located groups. The 
peripheral groups because of their distance from the 
centre of the range are subsequently delayed in their 
diversification, or polymorphism, therefore retaining 
remnant or relic types; in this case, the DRwl4(Dwl6) 
allogenotype. In the instance of the Aborigines and the 
Amerindians, isolation has contributed to the 
maintenance of such relic genes, and enhanced the now 
apparent differences between them and nearby groups.
The presence of the DR14(Dwl6) allele in 
Aborigines also has some clinical significance for 
organ transplant tissue typing. The restricted 
polymorphism at the HLA-D locus in Australian 
Aborigines combined with an apparent rare allogenotype 
justifies the use of RFLP allogenotyping as a more 
accurate method of tissue typing for organ transplant.
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The results of the RFLP allogenotyping in 
this work indicate that while there are distant 
historical genetic similarities between the Australian 
Aborigine and NAN Melanesians studied, they are not 
very closely related. The Aboriginal groups do show 
allogenotypic similarities with each other and further 
from their close Melanesian neighbours. The Madang 
sample is furthest from the Aboriginal samples and the 
Goroka sample is the closest PNG population to the 
Australian Aborigines, however, New Caledonia is closer 
still.
Both PNG and Aboriginal groups have 
acquired, by mutation or by receiving immigrants, high 
frequency antigens that are not present in the other 
groups. In the case of the Haruai, the KAS11 type and 
in the case of the Aborigines, the DRwl4(Dwl6) type. 
The role of allogenotyping in this work seems to have 
been in the form of identifying differences between 
these two regions where previously similarities have 
arisen.
The PNG and Melanesian data, on the other 
hand, have confirmed that there are substantial genetic 
differences between the highland and coastal groups, 
with the hinterland fringe people occupying an
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intermediate genetic position as one might predict from 
their geographical position.
The restricted degree of polymorphism in the 
PNG highland and hinterland groups is in the same order 
as that of the Aboriginal groups, although the 
Aborigines have more diversity.
The recognition of an apparently rare DRwl4 
allogenotype in the Aborigines from Kimberley and Coen 
, (Dwl6), and its recent recognition amongst 
Amerindians suggests Centrifugal speciation. The 
disadvantage of using only Taql restriction enzyme in 
this work has meant the absolute categorisation of 
(Dwl6) is not possible. However, the other alternative 
RFLP type for (Dwl6) is the Caucasian DR3. No evidence 
of Caucasian RFLP types was observed in the Aborigines 
studied. This also confirms the absence of admixture in 
these groups.
The application of RFLP allogenotyping to 
tissue compatibility typing is justified in the light 
of the aboriginal RFLP data.
Further directions for this work would 
include the application of other restriction enzymes to 
the Aboriginal and Amerindian (Dwl6) cells in order to 
confirm the apparent similarities. Further RFLP typing 
of Aborigines in other geographical areas would be 
useful in order to detect the pattern of (Dwl6) 
distribution, and to clarify similarities observed in
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the RFLP typing.
Comparison of the DNA sequence of the 
Australian Aboriginal (Dwl6) type with that of the 
Amerindian would provide an interesting comparison, and 
possibly contribute to the centrifugal speciation 
argument.
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